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ABSTRACT

The Escalante Silver District, Iron County, Utah,
occupies a group of low hills extending to the Escalante
Desert from the Black Hills to the south.

Tertiary

volcanics serve as host rocks for silver bearing quartz
veins.

Five map units, with a total of 12 members are

recognized.

X-ray fluorescence and field mapping enabled

differentiation of the units, while thin section analysis
enabled characterization of the members.
formed in three episodes.

The map units

The oldest is extrusive doming

of distinctive older lava and breccia flows.

The middle

group is made up of tectontic breccias, sillar-like lava
flows, and volcaniclastic sediments that fill a pre
existing moat.

The youngest group consists of lava and

breccia flows along with hot spring deposits related to
regional eruptions and local hydrothermal activity.

Four

sets of linear features cut the area: east-west trending,
northeast-trending, northwest-trending, and arcuate shaped.
Most are relatable to normal faults associated to Basin and
Range faulting.

Arcuate fractures probably are related to

tensional stress brought on by caldera activity.
Silicic, or jasperoid type alteration and pervasive
weak clay alteration occur throughout the district.
Alteration effects are coincident with the vein
distribution.
The wall rock near the veins is characterized by
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silicification and intense replacement by calcite.
A feasible checklist for exploration of vein
mineralization in volcanic environments includes the
following: 1) permeable volcanics or volcaniclastic
sediments, 2) fracturing framework conducive to ore
deposition, and 3) hydrothermal circulation set in motion
by nearby intrusions or rhyolitic domes.

iv

ACKNOWLEDGEMENTS

I would like to express my deepest gratitude to Dr.
Sheldon K. Grant, who helped me develop my thesis topic and
guided me through the field and laboratory studies of
volcanic environments.

His knowledge of the volcanic

sequences, regional structures, and the many one-on-one
discussions we had, were invaluable to me.. Without his
ideas, encouragement, patience, and willingness to help in
the field, this thesis would not have been possible.
Thanks also go to Dr. Robert C. Laudon and Dr. C. Dale
Elifrits, second readers for the thesis.
I am very much indebted to the staff and management of
the Escalante Mine and Ranchers Exploration and Development
Company of Albuquerque, New Mexico for financial support
and overall interest in my work.

Mr. David C. Fitch was

most helpful in providing me with transportation,
literature, complete access to the property, and helpful
ideas.

I thank Mr. Mark Malkoski for expressing interest

in my ideas and for the many evenings we discussed many of
the geological problems of the area.

Special thanks go to

the School of Mines and Metallurgy at the University of
Missouri-Rolla and to the late Mrs. V. H. McNutt and the V.
H. McNutt Memorial Fund for financial support.
I would like to thank Mr. Michael Roberson, department
technician for his sample preparation and help with various
laboratory equipment.

Thanks go to Katherine Mattison,

v

secretary, for her patience and assistance throughout the
study.
Lastly, I give a warm thanks to my wife, Rose Marie,
for her unending support and understanding.

And to my

parents, I thank them, in a special way, for their
encouragement and support during all of my college career.

vi

TABLE OF CONTENTS

Page
ABSTRACT...... .. . .............

ii

ACKNOWLEDGEMENTS..........

iv

TABLE OF CONTENTS.......................................

vi

LIST OF ILLUSTRATIONS'. ...............................

x

LIST OF PLATES.......................................

xiv

LIST OF TABLES... ......................................
I.

II.
III.

xv

INTRODUCTION.............

1

A.

PURPOSE AND SCOPE.....................

1

B.

LOCATION...............................

2

C.

HISTORY OF THE DISTRICT...............

2

PREVIOUS WORK........
REGIONAL GEOLOGY............................

7
9

A.

INTRODUCTION..........................

B.

SEDIMENTARY ROCKS...........

10

C.

INTRUSIVE ROCKS.......................

11

D.

EXTRUSIVE ROCKS.......................

14

1.

Needles Range Formation.........

14

2.

Post Needles Range Formation Calc-alkaline Phase..............

15

Post Needles Range Formation Bimodal Phase....................

18

3.

E.

9

STRUCTURE...........

19

1.

Sevier Orogeny. ...................

19

2.

Lineament Control................

20

3.

Basin and Range Faulting........

23

vii

Page
IV.

V.

METHODS

OF STUDY.........................

25

A.

FIELD MAPPING ANDSAMPLE COLLECTION...

B.

LANDSAT ANALYSIS.......................

25

C.

PETROGRAPHY............. ..............

26

D.

CHEMICAL ANALYSIS......................

27

STRATIGRAPHY.................................

28

A.

OVERVIEW.... ................

28

B.

STRATIGRAPHIC RELATIONSHIPS OF THE
MAP UNITS..............................

29

FLOW DOME SEQUENCE..........

31

1.

Field Characteristics............

31

2.

Petrography.......................

36

3.

Chemistry........................

46

C.

D.

INTERBEDDED FLOWS AND BRECCIAS........

47

1.

Field Characteristics..... ......

47

a.

Lava Flow Sequence..........

51

b.

Rhyolite-Quartz Latite
Breccia...........

52

Quartz Latite Breccia......

53

c.

E.

F.

25

2.

Petrography...................

53

3.

Chemistry.........................

56

MINE SERIES SEQUENCE...................

57

1.

Field Characteristics............

57

2.

Petrography......................

65

3.

Chemistry........... .............

67

LATE STATE VOLCANIC SEQUENCE..........

76

viii

Page
1.

Field Characteristics...........

76

2.

Petrography......................

85

a.

Siliceous Sandy Unit.......

85

b.

Quartz Peak Sequence.......

85

c.

Trichite Flow.............

86

d.

Banded Flow.................

89

e.

Andesite....................

91

3.
G.

VI.

Chemistry.........................

94

CORE SAMPLES............................

98

1.

Introduction..........

98

2.

Field Characteristics............

98

3.

Petrography...................

99

4.

Chemistry...................

STRUCTURE....................................
A.

LARGE SCALE STRUCTURAL FEATURES......
1.

105
105

LANDSAT Digital Data
Processing/Interpretation.......

105

Possible Structural Variations
With the Flow Dome...............

109

Trends of Faults and Folds......

112

B.

ATTITUDE VARIATIONS. .. ......... .......

118

C.

VEIN DISTRIBUTION..............

120

2.
3.

VII.

100

ROCK ALTERATION AND MINERALIZATION.........
A.

124

ROCK ALTERATION........

124

1.

Types of Alteration Present.....

124

2.

Degree of Alteration of the
Stratigraphic Units..............

126.

ix

Page

VIII.

B.

VEIN MINERALOGY..................... ..

140

C.

WALL ROCK ALTERATION..................

142

CONCLUSIONS/EXPLORATION MODEL..............

146

A.

RELATIONS OF VEINS TO REGIONAL
STRUCTURE..............................

14 6

RELATION OF MINERALIZATION TO
STRATIGRAPHY....................... .

14 7

RELATION OF MINERALIZATION TO
VOLCANISM..............................

14 8

GEOLOGIC MODEL/EXPLORATION MODEL.....

150

BIBLIOGRAPHY...........................................

153

VITA............. ......... ............................

157

B.

C.
D.

x

LIST OF ILLUSTRATIONS
Figure
1.
2.

3.

4.

5.

6.

7.

8.

Page

Location of the Escalante District modified
from Collins (1965)............................

4

Location of igneous belts present in
southwestern Utah taken from Rowley (1979).
CC - Cedar City, IS - Iron Springs, E Enterprise, S - Stateline, H - Hurricane,
Mi - Milford, P - Pangquitch, Ma Marysvale, R - Richland........................

13

Regional lineament features of Central Basin
and Range Province, Nevada and Utah. Dashed
lines represent the basin and range province
boundaries, H - Hurricane fault, WL - Walker
Lane shear zone, T - Timpahute lineament, E Escalante district, WS - Warm Springs
lineament, PR - Pahroc Range lineament, BR Blue Ribbon lineament, RY - Rawhide-Yearington
lineament, PS - Pritchards Station lineament,
and B - Black Rock lineament...................

22

Generalized stratigraphic column for the
Escalante District, Utah.
Scale is
1 inch = 100 feet..............................

33

Photomicrograph of the A flow, Flow Dome
Sequence.
The lithic fragment (darker
color) blends in with the grainy matrix
suggestive of a collapse breccia.
Sample No.
B-169 A (x 37, crossed nicols)....... .........

39

Photomicrograph of the B flow, Flow Dome
Sequence.
Poorly defined spherulites in
the matrix and axiolitic texture around the
large sanidine crystal (large black form).
Sample No. B-170 (x 30, crossed nicols).......

39

Photomicrograph of the C flow, Flow Dome
Sequence.
Trachytic texture surrounding a
sanidine grain.
Sample No. B-168 (x 37,
crossed nicols).................................

44

Photomicrograph of the D flow, Flow Dome
Sequence.
Large crystals in a patchy matrix
with lenticles lined with quartz crystals and
filled in with secondary quartz.
Sample No.
B-175F (x 30, crossed nicols)..................

44

xi

Figure

9.

10.

11.

Page

Normative feldspar proportions related to
rock type after O'Connor (1965) for the Flow
Dome Sequence.
The various size dots
represent TiO^ values with 0.27 being the
average rhyolite.
Ab-albite, An-anorthite,
Or-orthoclase....... ...........................

50

Normative feldspar proportions related to
rock type after O'Connor (1965) for the
interbedded flows and breccias.
The
various size dots indicate TiC^ values.
The dots grouped together beneath the
word "rhyolite" represent the sillarlike flows .......................................

62

Photomicrographs of the Mine Series Sequence...

69

Upper photograph exhibits the devitrification
and sorting within the sequence.
A few glass
shards are noticeable.
Sample No. B-195
(x 45, crossed nicols).
Lower photograph illustrates the presence of
glass shards ( V and Y shapes). Sample No.
B-156 (x 45, crossed nicols).
12.

13.

14.

Rock samples from the MineSeries Sequence
plotted on Ossan's System modified from
Frank (1979)....................................

74

Normative feldspar proportions related
to
rock type after O'Connor (1965) for the Mine
Series Sequence.
The various size dots
represent TiC^ values...........................

78

Quartz Peak Sequence............................

83

Upper photograph: ledge of Quartz Peak Sequence
with thin sandy unit at the base.
Sequence is
jasperoid.
Lower photograph: branch scars and leaf casts
within the Quartz Peak Sequence (casts are
reddish).
15.

Photomicrograph of the late stage volcanic
sequence showing the trichites in the
Trichite Flow.
Sample No. B-103A (x 193,
un-crossed nicols)..............................

88

xii

Figure

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Page

Photomicrograph of the Late Stage Volcanic
Sequence showing the trachytic nature in the
Andesite Flow.
Sample No. B-196A (x 30,
crossed nicols).................................

93

Normative feldspar proportions related to
rock type after O'Connor (1965) for the
Late Stage Volcanic Sequence.
Rhyolites
represent the trichite and banded flows.
The rhyodacite represents the andesite
chemistry........................................

97

Normative feldspar proportions related to
rock type after O'Connor (1965) for the
tuff breccia core samples.
The dots
represent TiO? values suggesting that the
unit is a quartz latite..........................

104

LANDSAT imagery showing algebraic stretched
data.
This image revealed a maximum number
of lineaments highlighted by graphics in
Figure 20, as seen bythe author.................

107

Lineaments mapped using computer graphics.
Compare the lineaments mapped with the
location photograph in Figure 19..............

107

Directional filtered image highlighting
various lineaments, as defined by a LANDSAT
analysis.
They may or may not be
geologically related............................

Ill

Photograph showing possible caldera structures
exhibited by LANDSAT imagery...................

Ill

Generalized map showing the vein distribution
with the types of alteration present...........

122

Map showing the degree of alteration present
in the study area, based on excessive corundum
values determined by x-ray fluorescence.......

128

Normative feldspar proportions related to
rock type after O'Connor (1965) for the Flow
Dome Sequence.
A plot of average chemistries
with their Ti0~ range exhibits the distance
from the line 5s a degree of alteration.......

131

xiii

Figure

26.

27.

28.

29.

30.

31.

Page

Normative feldspar proportions related to
rock type after O'Connor (1965) for the
Interbedded Breccia and Flow Sequence.
A
plot of average chemistries with their Ti02
range exhibits the distance from the line
as a degree of alteration......................

133

Normative feldspar proportions related to
rock type after O'Connor (1965) for the
Mine Series Sequence.
A plot of average
chemistries with their TiO^ range exhibits
the distance from the line as a degree
of alteration....................... ...........

135

Normative feldspar proportions related to
rock type after O'Connor (1965) for the Late
Stage Volcanic Sequence.
A plot of average
chemistries with their Ti02 range exhibits
the distance from the line as a degree
of alteration...................................

137

Normative feldspar proportions related to
rock type after O'Connor (1965) for the
Tuff-breccia core samples.
A plot of
average chemistries with their TiCh range
exhibits the distance from the line as a
degree of alteration............................

139

General paragenesis of the Escalante silver
veins (Allen, 1979).............................

141

Wildcat Vein....................................

145

Upper photograph: Wildcat vein exposed on
surface trending from observer toward claim
marker near truck.
Banded calcite veins are
well exposed extending into the wall rock
approximately 15 feet (4.5 m ) .
Lower photograph shows closer view of the
banded calcite.

xiv

LIST OF PLATES
PLATE
1.

2.

GEOLOGY OF THE ESCALANTE DISTRICT,
IRON CO., UTAH..............................

Pocket

CROSS SECTION OF THE ESCALANTE
DISTRICT, UTAH.............................

Pocket

xv

LIST OF TABLES

Table
I.

Page
CHEMICAL ANALYSIS OF FLOW DOME SEQUENCE
BY X-RAY FLUORESCENCE........................

48

CHEMICAL ANALYSIS OF THE INTERBEDDED FLOWS
AND BRECCIAS SEQUENCE BY X-RAY
FLUORESCENCE..................................

58

III. CHEMICAL ANALYSIS OF THE MINE SERIES
SEQUENCE BY X-RAY FLUORESCENCE...............

70

II.

IV.

V.

CHEMICAL ANALYSIS OF THE LATE STAGE
VOLCANIC SEQUENCE BY X-RAY FLUORESCENCE.....
CHEMICAL ANALYSIS OF THE TUFF-BRECCIA CORE
SAMPLES BY X-RAY FLUORESCENCE.......

95

101

1

I. INTRODUCTION

A.

PURPOSE AND SCOPE
A detailed study of the geology, petrology, and

chemistry of the Escalante Silver District has not been
attempted in the past.

The district was deemed to be

marginally economic and the geology is quite complicated.
Recently, mapping around the Escalante Valley has produced
suspicion as to whether or not a collapse caldera exists
and whether or not the mineral deposits of the various
districts around the valley were a part of this caldera.
This, coupled with the rejuvenation of the Escalante Mine
into a major silver producer, has led to renewed interest
in the area.
The objectives of this study are to: 1) map the
geology of the district, 2) establish the mineralogy and
chemistry of the primary rock units, 3) to examine the
alteration present in the district, and 4) to build an
exploration model for the district.

Along with the field

mapping of the geology, approximately two hundred samples
were collected for the purpose of studying the mineralogy
and chemistry of the units to establish a working
stratigraphic column of the district.

Methods included

petrographic analysis of thin sections, examination of hand
specimens under a binocular microscope, and analysis of the
elemental chemistries using x-ray fluorescence.
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The rocks are Late Teritiary in age - relatively young
in the regional setting, but stratigraphic relationship of
the units mapped in the Escalante District to the regional
units has not been previously established.
formal names are not used in this report.

Therefore,
The names used

to identify the units are in close relation to those used
by the geologic staff at the Escalante Mine.
B.

LOCATION
The Escalante District is located in Iron County, Utah

approximately 42 miles
miles

(68 km) west of Cedar City, Utah, 14

(22 km) southeast of Modena, Utah, and 7 miles (11 km)

north of Enterprise, Utah.

From Cedar City, U.S. Highway

56 extends west-northwest across the Escalante Valley.
improved dirt road, about 3 miles

An

(5 km) northwest of Beryl

Junction on U.S. 56, leads to the Escalante Mine operated
by Ranchers Exploration and Development Corporation.
Sample locations and mapping areas are accessible by jeep
roads only.

The study area is approximately 7 miles (11 km)

by 6 miles

(10 km ) , elongated north-south and is shown in

Figure 1.

The district is situated in low rolling hills

that protrude into the valley from the North Hills and
Black Hills to the south.

Surface elevation of the mine is

5250 feet above mean sea level.

Low sagebrush and grass

cover the study area.
C.

HISTORY OF THE DISTRICT
The outcropping Escalante Vein was discovered in 1896

upon which the original four claims that were staked by

Figure 1

Location of the Escalante District modified from
Collins (1978).

4

PJOCHE #

M o^)ena

Escalante
Mining District

PANACA •
C ED A R C I T Y

CALIENTE0

ENTERPRISE

5

Heber Holt and Heber J. Grant and patented in 1910.

During

the next

48 years, limited mining activity was done from a

134 foot

shaft and 350 feet of drift.

ore were

processed at that time.

the property began

Five hundred tons of

Systematic exploration on

in March 1958, when Samuel S. Arentz, a

prominent mining engineer and consultant,

formed numerous

joint ventures with mining and petroleum companies.

They

conducted exploratory drilling programs, drifting, water
drawndown tests, and some mining on the property.

It

remained essentially uneconomical due to low silver prices
and the inability to effectively pump large quantities of
underground water.
In 1975, Ranchers Exploration and Development obtained
an option on the property and began an extensive
development drilling program.

Since that time, some 100

core holes have been drilled bringing the total on the
property to over 160.

Test mining began in 1979 as silver

prices increased, and full mine development began in 1980.
Mill construction began in September 1980 and on August 19,
1981, the first ore was fed to the mill.

In October 1981,

Ranchers began producing silver bullion from the renovated
Escalante Mine

(Hogan, Fitch, et al., 1982).

As of September 1982, current in-place reserves were
estimated at 2.42 MT

(2.67 million short tons) of ore,

containing 936 t (33 million oz.) of silver at an average
grade of 9.4 - 12.5 oz/st.

The deposit is mined

underground through a decline that will ultimately be 1.5

6

km (5100 ft)

in length.

tons/day of ore.

The mine produces 750 short

A cyanide leach mill and associated

refinery is located on-site and produces 4.35 t/month
(140,000 oz/mo)
million oz.

of silver bullion at an annual rate of 1.68

(Hogan, et. al. , 1982).

The Escalante Mine is

one of the very few major underground silver producers to
begin operation in the U.S. in several years.
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II. PREVIOUS WORK

The Escalante District lies in a structurally complex
area of lava flows and breccias that are not presently
correlated to any regional mapped units.

Consequently,

very little has been written about this district.

Other,

more economic mining districts of the past that occur
within the area, namely the Iron Springs District and
Stateline District, have received considerably more
attention.
Butler

(1920), in his study of the ore deposits of

Utah, recognized the presence of latite-rhyolite tuffs and ■
breccias that were similar to those of the Stateline
District.

He also described the numerous fissures as well

as the mineralogy of the Escalante vein.

Minor arsenates

and phosphates were described as incrustations within the
mine.

The report was very sparse and lacked detail.
Blank

(1959) and Cook

(1957), in their studies of the

Bull Valley Mountains and Pine Valley Mountains
respectively, were the first to describe,

in detail, the

younger flows, breccias and volcaniclastic sediment in
their area.

They were also a part of the pioneer group

that attempted a regional model of the area.
Heyl

(1963) conducted a general survey for possible

oxidized zinc deposits in Utah.

In visiting the Escalante

District, he concluded that economic deposits of this type
do not occur at the Escalante site.

However, he did
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mention that this deposit is the northeastern most
representative of a molybdenum-, vanadium-,

and

phosphorus-rich type of direct replacement deposit that is
common in southern New Mexico, southern California, and
southern Nevada.
Allen

(1979), in a thesis work at the University of

Utah, described the local geology and geochemistry of the
Escalante vein itself as taken from core samples.

He did a

detailed study of the vein mineralogy and immediate wall
rock alteration.
outward,

The alteration included,

from the vein

1) silicification, 2) intense replacement by

calcite, and 3) pervasive weak alteration by calcite, clay,
chlorite, and sericite.

His model for ore genesis is that

of deposition from convecting meteoric fluids in fractures
that are related to caldera formation and later supergene
enrichment.
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III.

A.

REGIONAL GEOLOGY

INTRODUCTION
Most of southwestern Utah is covered by continental

sedimentary and volcanic rocks of Cenozoic age.

The region

lies near the provincial boundary of the Basin and Range
province and the High Plateau subprovince of the Colorado
Plateau province.

The study area lies principally along

the eastern edge of the Basin and Range province where the
province narrows in an hour glass pattern.
Although the sedimentary sequences are not exposed in
the study area, they do constitute a large part of the
exposed rock in nearby areas such as the Needle Range to
the north, Pine Valley Mountains to the south, and the Iron
Springs district to the east of the study area.

Intrusive

rocks are limited in extent and their ages are about 20
m.y., based on K-Ar dating and field relations in the Iron
Springs district

(Rowley and Barker, 1978).

Extrusive

igneous rocks and those related to explosive events compose
all of the rocks in the study area and are quite widespread
throughout the whole region.

They are mainly ash flow

tuffs that range in age from Oligocene to Miocene.

Several

lava flows, rhyolite domes, lahars, volcanic sediments, and
breccias occur throughout the extrusive sequence.

These

are usually Miocene or younger in age.
The rocks in southwestern Utah were formed during
three successive structural regimes

(Rowley, 1979).

Thrust
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faulting and folding during the Sevier Orogeny in Late
Cretaceous time and warping during the Laramide orogeny in
latest Cretaceous and early Tertiary time left a topography
of mountains to the west bordered by basins to the east.
Igneous activity, which began in mid Tertiary time, was
concentrated along structure belts that may have been zones
of weakness caused by preceding events.

Some early high

angle faulting took place concurrently and may have marked
the beginning of the Basin and Range - Colorado Plateau
differentiation.

Late Cenozoic was the time of block

faulting with continued igneous activity, partly along the
east-trending lineaments.
B.

SEDIMENTARY ROCKS
The only sedimentary sequence that is of any interest

to the study area is the Claron Formation.

Although it is

not present in outcrop, it could be located in the
Escalante Valley floor.

The Claron Formation is 900 feet

(275 m) of fluvial and lacustrine conglomerates,
sandstones, and limestones.

It crops out in neighboring

areas such as the Iron Springs area, Bull Valley Mountains
(Blank, 1959), Pine Valley Mountains
Black Mountains.

(Cook, 1957)

and the

Relations in all these areas suggest

deposition in a broad,

flat basin that extended across the

present High Plateau, and adjacent parts of the Basin and
Range, as far as the eastern or central Bull Valley
Mountains

(Rowley, et a l . , 1979).

As a rule the sedimentary rocks increase in age from
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east to west.

To the east, Tertiary volcanic rocks

generally rest on the conglomerate of the Claron Formation.
To the west, the volcanics rest on Paleozoic limestones.
C.

INTRUSIVE ROCKS
Several Tertiary intrusive bodies, from granite to

granodiorite in composition, occur within the overall
region of the study area.

In eastern Nevada,

small

granodiorite intrusions are present in the Ely Range
(Kreider, 1970).

In southwestern Utah, the exposed plutons

are principally confined to northeast trending igneous
belts known as the Pioche-Marysvale igneous belt to the
north, and the Delamar-Iron Springs igneous belt, which
encompasses the study area

(Figure 2).

In the Delamar-Iron Springs belt, several large stocks
or laccoliths are present.

These intrusions are generally

quartz monzonite in composition.

To the west, in the Bull

Valley Mountains, Blank (1959) showed that ash flow tuffs
and lava flows of the overlying Rencher Formation came from
an eruptive center whose core is marked by several quartz
monzonite porphyry plutons, including the Bull Valley
intrusion.

The Mineral Mountains pluton, further west, may

be related to the same pluton belt

(Cook, 1960).

of the intrusions is about 21-22 m.y. old

The age

(Blank, 1959).

To the east of the study area, the Iron Springs district is
defined by a northeast trending line of three exposed
Miocene

(20 m.y.)

intrusions, or laccoliths, named

(northeast to southwest)

the Three Peaks, Granite

Figure 2.

Location of igneous belts present in
southwestern Utah taken from Rowley (1979).
CC - Cedar City, IS - Iron Springs, E Enterprise, S - Stateline, H - Hurricane, Mi
Milford, P - Pangquitch, Ma - Marysvale, RRichland.

13

14

Mountain, and Iron Mountain plutons.

The igneous belt

extends easterly through Iron Springs, to a pluton under
the southern Red Hills

(Rowley and Threet, 1976) and the

Iron Point laccolith at the western edge of the Markagunt
Plateau (Bullock, 1970).

It is noted that the age of the

plutons becomes younger to the east.
D.

EXTRUSIVE ROCKS
The Tertiary extrusive sequence that lies within the

study area, is separated into three groups:
1) .

Needles Range Formation

2) .

Post Needles Range Formation
- calc-alkaline phase

3) .

Post Needles Range Formation
- bimodal phase.

Rowley

(1979) included a Pre-Needles Range group which

consisted of discontinuous stratovolcanic fields.

Rocks of

this group included porphyritic lavas, flow breccias,
lahars, and local ash flow tuffs.

Since these rocks occur

far north of the study area and the Needles Range Formation
rests directly on the Claron Formation in this region, the
Pre-Needles Sequence will not be discussed any further.
1.

Needles Range Formation.

The Needles Range

Formation is one of the most extensive of the Tertiary ash
flows in the Great Basin.

It covers over 13,000 sq. mi.

(33,600 sq. km) in southwestern Utah and eastern Nevada
(Best, Shuey, Grant and Caskey, 1973).

It extends south to

the northern portion of the Iron Springs District.

Because
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of its lithologic distinctiveness, the Needles Range
Formation is an excellent regional marker bed.

It may not

have reached into the study area because, like the Iron
Springs area, a highland existed during or after the
deposition of the Needles Range Formation.
The formation consists of four separate lithologic
units.

They are:

1) Cottonwood Wash Member - crystal rich

of plagioclase, large quartz, and biotite, 2) Wah Wah
Springs Tuff - same as 1 but with recognizable amphibole,
3) Lund Tuff - crystal rich with abundant large quartz,
plagioclase, biotite, and amphibole, and 4) Wallace's Peak
Tuff - smaller quartz and abundant pumice lapilli
Shuey, Grant and Caskey,
2.

(Best,

1973).

Post Needles Range Formation - Calc-alkaline Phase.

The calc-alkaline sequence is comprised of two
distinctively different suites of rocks ranging in age from
26-19 m.y.

The first suite follows the trend of igneous

belts and is typified by central vent volcanoes
(stratovolcanoes, shield volcanoes,
calderas.

and domes)

and collapse

Deposited in this suite of rocks are rocks much

like the Pre-Needles Range Sequence.

In the Delmar-Iron

Springs igneous belt, these rocks are not continuous but
are quite thick in places.

These rocks are composed of

rhyolite lava flows, breccia flows, lahars, andesite flows,
and volcanic sediments associated with avalanche and moat
fill deposits.
Many of the rhyolite flows and sediments make excellent
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host rocks and account for many of the mineral deposits in
the area.

The Indian Peak district, north of Modena, had

produced fluorospar from rhyolite flows that were intruded
by granodiorite stocks.

The rhyolite flows of the

Stateline and Goldspring districts formerly produced gold
and silver from associated veins.

The Escalante district

contains silver-bearing veins in rhyolite flows and
volcaniclastic sediments associated with this sequence.
Other notable units include a dacite mudflow breccia
of Pliocene age coming from the Pine Valley Mountains that
interlayer with several horizons throughout the area
1957) .

(Cook,

Andesite lavas and flow breccias from the Bull

Valley Mountains occur throughout the area.

Above the

Rencher Formation are regional and locally derived ash flow
tuffs, airfall tuffs, basalts, and volcanic sedimentary
rocks of the 2300 ft

(700 m) thick

exist around the study area.

section of Blank

(1959)

This sequence includes the

Page Ranch Formation, Ox Valley Member, and Eight Mile
Dacite.
The second suite of calc-alkaline extrusives are the
regional ash flow sheets that covered the broad plain
between the igneous belts.

These ash flow tuffs were

derived from caldera sources located near Caliente, Nevada
and possibly in the vicinity of the study area near
Enterprise, Utah.

These units include the Isom Formation,

Quichipa Group, Rencher Formation,
Formation.

and Racer Canyon
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The Isom Formation is composed of numerous cooling
units of red-gray, densely welded ash flow tuffs and lava
flows.

It is characterized by abundant pumice fiamme,

sparse secondary quartz, and minor plagioclase.

The

sequence thickens westward toward the study area,
suggestive of pointing toward a possible source.
The Quichipa Group consists of the Leach Canyon Tuff,
Condor Canyon Formation, and the Harmony Hills Tuff, all of
which predate the Iron Springs plutons.

The Leach Canyon

Tuff is a crystal-lithic tuff, light tan in color and
moderately welded.

Mineralogy is made up of sanidine,

plagioclase, biotite, and abundant quartz.

The Condor

Canyon Formation is made up of two members;

the Swett

Ignimbrite and the Bauers Ignimbrite.

The two are quite

similar in that they are resistant, densely welded, thin
(0-100 ft, 0-31 m thick)
crystal poor.
of biotite.

in the Iron Springs area and

Both contain mostly plagioclase and traces
However, the Bauers vitrophyre contains many

cobble-size lithophysae, and the main body contains
significant amounts of sanidine.

Above the Condor Canyon

Formation lies the Harmony Hills Tuff.

It is extremely

crystal-rich, dacitic in composition, lightly welded, and
brownish in color.

The mineralogy is dominantly

plagioclase and biotite in abundant amounts with only a
trace of quartz.
The Rencher Formation

(Cook, 1957)

is a complex

sequence of welded crystal tuffs, lava flows, volcanic
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breccias, tuff breccias, volcanic sandstones, lahars, and
conglomerates.

All of these rocks were derived as a result

of the intense deformation caused by intrusives throughout
the Delamar-Iron Springs igneous belt.

The Rencher Tuff

has abundant mafics, similar to the Harmony Hills with the
exception that it is void of quartz.
The Racer Canyon Tuff occurs above the Irontown Member
of the Page Ranch Formation, which consists of waterlaid
tuffs, lahar deposits, sillar, sandstone, and lava flows.
It is possible that units in the study area may resemble
this member.

The Racer Canyon Tuff is a thick, crystal-

rich tuff that superfically resembles the Leach Canyon Tuff
in appearance.

However, the Racer Canyon Tuff contains

more and larger quartz crystals than the Leach Canyon Tuff.
3.

Post Needles Range Formation-Bimodal P h a s e .

Upper Cenozoic basalts and alkali-rhyolite cones, lava
flows, domes, and tuffs are quite extensive in southwestern
Utah (Rowley, 1979).

The basalts are commonly of low

volume and very widespread.

A few are 12.0 m.y. old

(Best,

1983) but, most are less than 7.0 m.y. old and as young as
2.0 m.y. old in a belt lying between St. George, Cedar
City, and Panguitch.
Alkali rhyolite centers occur along the igneous belts
that encompass the study area.

Rhyolite and rhyodacite

flows cap many of the hills around the study area and are
believed to be derived from the Bull Valley Mountains to
the south.

Rhyolite domes are common in the study area and
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are relatively young in age.
E.

STRUCTURE
The general sequence of rocks in the study area are,

affected by three structural events that appear regionally.
These trends are: 1) Sevier Orogeny, 2) lineament control
of igneous activity, and 3) Basin and Range faulting.
1.

Sevier Orogeny.

The Sevier Orogeny most likely

caused or influenced the development of the zones of
weakness for the extensive activity that was to proceed
later.

During Late Triassic, sedimentation ceased in

western Utah and increased in eastern Utah

(Hintze, 1973).

Although thrusting began to the west at this time, the
active orogenic activity of thrust faulting and folding
didn't develop until latest Jurassic to early Cenozoic
time.
The thrusts form a sinuous belt whose eastern edge
extends northeastward from the Lake Mead area, up as far as
the Wasatch Front and beyond.

This leading edge is a

series of northeast striking overturned and open folds and
local thrust faults, but the thrust plates themselves,
occur well to the west.

One such fold, extending from the

eastern Bull Valley Mountains through Iron Springs,

later

localized at least a half dozen iron-bearing plutons in
Figure 2 (Mackin, 1960).

Other related folds include the

Virgin Anticline-Kanarra Fold which extends from south of
Hurricane northward past Cedar City.
These thrusts formed highlands and associated basins
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whereby selected regional ash flow sheets may accumulate.
However, most ash flow sheets accumulated in basins formed
by eruptive processes of calderas and other igneous
activity.

The orogeny also provided zones of weakness that

localized major eruptive and intrusive events.
2.

Lineament Control.

Volcanic activity which

affected Utah began abruptly 40 million years ago in latest
Eocene and early Oligocene time

(McKee, 1971).

A major

portion of this activity has its sources lying along
several east-trending lineaments that predated this
Tertiary volcanism.

These lineament belts contain most of

the known volcanic centers, plutons, hot springs,
mineralized volcanic host rocks, and hydrothermally altered
rocks in southwestern Utah (Rowley,

1979).

They also

contain a majority of the east-striking faults.

Field

studies have shown that structures associated with the
lineaments appear to 1) influence the location of volcanic
centers, 2) consist of older zones of weakness,

structural

hingelines, or strike-slip faults, and 3) coincide with
magnetic discontinuities.

The Escalante District lies along

one such lineament known as the Timpahute Lineament
(Figure 3).
The Timpahute lineament extends from western Lincoln
County, Nevada through most of Iron County, Utah, passing
directly through the study area.

Conspicuous on LANDSAT

imagery, this lineament is defined by a series of faulted

Figure 3.

Regional lineament features of Central Basin and
Range Province, Nevada and Utah.
Dashed lines
represent the basin and range province
boundaries, H - Hurricane fault, WL - Walker
Lane shear zone, T - Timpahute lineament, E Escalante district, WS - Warm Springs lineament,
PR - Pahroc Range lineament, BR - Blue Ribbon
lineament, RY - Rawhide-Yearington lineament, PS
Pritchards Station lineament, and B - Black Rock
lineament.
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rhyolite masses, especially in the vicinity of the Nevada
State Line.

It is inferred by Ekren

(1976) to be a deep

seated structure that 1) controlled east-trending uplifted
areas that extend across the western portion of the
lineament, 2) interrupts north trending valleys and ranges,
3) separates regions of differing structural styles, 4)
contains strike-slip faulting, and 5) is the site of recent
seismicity.
Within the study area, the lineament seems to control
the trend of the Escalante Valley as well as the east
trending rhyolite dome north of the mine.

North of the

lineament, northerly trending ranges of Pre-Cenozoic
sediments and Cenozoic volcanics dominate the topography
whereas,

in contrast to the south, a broad platform of

younger volcanic rocks is present over a distance of 30
miles

(48 k m ) .

In the vicinity of the Caliente Caldera

complex, the lineament is tangential to the northern
boundary of the caldera

(Ekren, 1976).

In the study area,

the lineament may also pass tangentially to the north of
another caldera in the southern part of the Escalante
Valley.

Existence of this caldera is discussed later.

3.

Basin and Range Faulting.

Most of the present

topography in the study area is due to basin-range block
faulting.

Most of the faults fall into two sets, ones that

strike north-northeast and ones that strike northnorthwest.

Both of these are present in the study area.

The faults, which generally have a southwesterly tilt were
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initiated roughly 8-10 m.y.
on offsets of dated basalts

This is based on data observed
(Rowley, 1979).

Some faulting

may have occurred concurrent with deposition of the Needles
Range Formation, as some members are abruptly terminated
laterally

(Kreider, 1970).

Most, if not all, of the

basin-range faults postdate faulting related to intrusion.
These block faults are more prolific in the ranges to the
north where maximum displacement may be 3000 feet

(910 m ) .

In the study area, it is on the magnitude of only a few
hundred feet.

The faults associated with the Basin-Range

movement have undergone recurrent movement as late as 0.293
m.y. based on basalt displacement
some instances are still active.

(Hamblin, 1984) and in

25

IV.

A.

METHODS OF STUDY

FIELD MAPPING AND SAMPLE COLLECTION
During the summer of 1983, the author mapped and

collected samples of the rocks surrounding the Escalante
Mine in southwestern Utah.
Brunton-foot traverse.

Detailed mapping was done by

Information was recorded and

plotted on 7 1/2' m i n u t e ,1:24,000 scale quadrangle maps of
the study area.

The 7 1/2' minute quadrangle maps used

were the Pinon Point and Beryl Junction topographic maps.
Interpretation of aerial photographs also aided in the
mapping of the study area.

Field characteristics were

noted, such as faulting, presence of dominant phenocrysts
or lithic fragments in each unit, attitudes of exposed
units, and stratigraphic relationships of the volcanic
units.
B.

LANDSAT ANALYSIS
LANDSAT-3 Multi-Spectural Scanner

(MSS) data recorded

on a high density tape by the Image Processing Facility
(IPF) at the Goddard Space Flight Center, Greenbelt,
Maryland, provided the image data used.

These tapes,

reproduced for customer usage, were converted at the EROS
Data Center, Sioux Falls, South Dakota, to computer
compatible tapes to be used on the ELAS
Laboratory Applications Software)

(Earth Resources

Sperry-Univac V77-600

computer system at the University of Missouri-Rolla,
Department of Geological Engineering,

operated by Mrs.
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Robin Deister.

This computer system consists of a line

printer, Central Processing Unit, two 800 bpi Pertec TX6X40
tape drives, two Sperry BK5B8C disc drives, teletype
CALCOMP 9000 microprocessor-digitizer, and a COMTAL 8000
image processor as its hardware units.
The frame of data chosen of the Escalante District was
of File #1, reference #2587-17231, and was imaged on
3/21/78.

Its center point is 39 32'N, 113 1 5 ’W.

The

weather at the time was uncertain because no available
documents have recorded the weather on that particular day.
The bands recorded on the CCT tape are Band 4 (0.5-0.6 ym),
Band 5 (0.6-0.7 y m ) , Band 6 (0.7-0.8 y m) , and 0.8-1.1 ym)
representing green, red, and near two infared respectively.
C.

PETROGRAPHY
A detailed petrographic study of 87 selected thin

sections was done using a Nikon OPTIPHOT-POL microscope.
The thin sections were carefully analyzed to determine the
mineralogy of the unit, the relative phenocryst size for
major minerals, to observe the textures of individual
grains and whole rock, and types of alteration present.
Characteristics such as, lithic content, degree of
devitrification, presence of glass shards, and amount of
flow banding were also observed.
The petrographic analysis was used to distinguish
units of similar field appearance and to support the
finding in

both the field and chemical analysis.

Further

petrographic observations were not deemed necessary for
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this particular study.
D.

CHEMICAL ANALYSIS
Samples selected from the field collections were

ground for two minutes to about 30 micron size in a SPEX
Shatterbox and pressed into 5-10 m m thick discs supported
with boric acid.

These samples were then analyzed in a

Phillips PW 1410 x-ray spectrometer to determine the
elemental compositions of the individual units.

The

original x-ray intensities were adjusted by matrix factors
and converted to concentrations through the use of
standards.

The Na concentrations were adjusted for

variable background, due to a poor vacuum.

The CIPW norms

for these samples were determined by using an oxidation
function dependent on the weight percent of the alkalis
present.

This oxidation was modified from the one

demonstrated by Rittman

(1973).

V.

A.

STRATIGRAPHY

OVERVIEW
The map units used in this study were primarily

established in the field.

Field characteristics such as

mineralogy, amount and size of lithic fragments, color,
presence of lithophysae, and topographic expression proved
to be quite useful.

However,

it is apparent that the rocks

of the Escalante District display considerable lateral
variability, hence defining characteristics were
continually adjusted.
became pervasive,

In particular, where alteration

lithologic character was of little value.

A rock type that was red-brown in color, compact, and
displayed identifiable mineralogy would become bleached,
cloudy, friable, and appear almost homogeneous.

In those

areas where alteration had changed the character or where
differentiation between breccias was needed, x-ray and
petrographic analysis served to designate the map units.
Therefore, the units mapped will be discussed based on area
of occurrence, field characteristics,

petrographic

character, and chemistry.
The five regions of study in the Escalante District
are: 1) Flow Dome Sequence, 2) Mine Series Sequence,
Altered breccia,

lava, and sillar flow sequence,

3)

4) Late

Stage Volcanic Sequence, and 5) tuff-breccia of Hole #123core analysis.
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B.

STRATIGRAPHIC RELATIONSHIPS OF THE MAP UNITS
A continuous stratigraphic succession is not exposed

in the mapped area, nor were any two sequences exposed in
identifiable contact

(i.e., Flow Dome Sequence not in

contact with Mine Series Sequence).

Therefore, an overall

stratigraphic column was constructed from partial columns
that are observable in widely separated localities.

In

sections 1, 2, 3, and 4, Township 36N, Range 17W, Utah, and
sections 33, 34, and 35, Township 35N, Range 17W, Utah, the
lower portions of the column are exposed.

The rocks of the

flow dome

(A, B, and D flows) are in contact against the

flow dome

(C flow) dipping inward toward the dome source.

The dome is well exposed and contained within these
sections and the southern edges of sections 26, 27, and 28,
Township 35N, Range 17W, Utah.

Broken blocks of the D flow

and B flow occur within the dome.

All along the margins of

the dome are poor exposures of the vitrophyres and flows of
this sequence.
The central portion of the column is present in
sections 21, 22, 26, 27, and 28, Township 35N, Range 17W,
Utah.

The rocks of the breccia and lava flow sequence

occur along folded and faulted bands that trend to the
northwest.

Along the base of the low hill in the northwest

quarter, southwest quarter section 27, Township 35N, Range
17W, Utah, the D flow is in probable contact with the
overlying breccias and interbedded lava flows.

There is no

evidence of these interbedded breccias and lavas in the
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southern portion of the study area.
The upper portion of the stratigraphic column is
present in sections 3, 4, 5, 8, 9, 10, 11, 14 and 15,
Township 36N, Range 17W, Utah.
southerly at 12-20 degrees.

The rocks generally dip

In this region, the mine

series rests upon a tuff-breccia of an unknown formation
according, to the core hole data.

Lying above the Mine

Series Sequence are members of the Late Stage Volcanic
Sequence.

The low hill in the northwest quarter of section

10 is capped by the Late Stage Volcanic Sequence and the
base of the hill along the trail has exposures of the upper
Mine Series Sequence.

In the central portion of section 3,

Township 36N, Range 17W, Utah, the rocks dip 30 degrees to
the south with the sandy unit extension of the Mine Series
Sequence is exposed at the base of Quartz Peak and is
overlain by the Quartz Peak Sequence and the Late Stage
Volcanic Sequence.

The Quartz Peak Sequence is not

widespread, having been located in section 3 and 11,
Township 36N, Range 17W, Utah.
lava flows

The Late Stage Volcanic

(trichite flow), however, are more widespread.

It caps most all of the hills in sections 4, 5, 6, and 9,
Township 36N, Range 17W, Utah.

It also may occur in the

high hills north of Enterprise, Utah.
In summary, the stratigraphic column is difficult to
establish.

However, from the exposures mapped and

described, parts of many columns can be assembled to form
a conceptual stratigraphic succession.

This column is
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displayed in Figure 4.

Evidence supporting the

stratigraphic relationship for the Escalante district
include: 1) drill hole data showing the Ox Valley Sequence
underlying the Mine Series Sequence,

2) field evidence

shows the Mine Series overlying the Flow Dome Sequence,
the flow dome

(C flow) has warped the older flows

3)

(A, B,

and D) ground the edges of the dome, 4) the D flow is
underlying the breccia sequence in the northern portion of
the district, and 5) the late stage sequence directly
overlies the Mine Series Sequence
C.

(Plate I ) .

FLOW DOME SEQUENCE
1.

Field Characteristics.

The Flow Dome Sequence is

a series of four distinctive units of crystal poor rhyolite
lava flows.

These units lie between the breccias of the

low lying hills to the north and the alluvium filled valley
just north of the mine.

The units outcrop predominantly in

sections 26, 27, 28, 32, 33, 34, and 35 of Township 35N,
Range 17W and sections 1, 2, 3, and 4, of Township 36N,
Range 17W.

From various outcrops, the units were termed A,

B, C, and D flows and hence these terms are used within
this study.
From further study and evaluation,

the sequence of the

flows was identified as pictured in Figure 4.

Here, the A

flow unit is the basal unit followed by the B and D flow
respectively.

The C flow, then, is the flow dome that has

tilted the flows of A, B, and D along the margins.
Portions of broken A, B, and D flows can be found riding on

Figure

4.

Generalized stratigraphic column for the
Escalante District, Utah.
Scale is
1 inch = 100 feet.

33

AGE

U N IT N A M E

T H IC K 
N ESS

L ITH O L O G Y

D ESCRIPTION

Gray to gray-white: banded and trichite rhyolites:

Late S tag e
V olca n ic

crystal poor: sanidine and quartz rarely visible

S equence

210 '
Quartz Peak Sequence: cherty limestones and
Q u a rtz Peak

massive jasperoid: plant and root casts: white to

Sequence

LU

Z
LU

milky in color

Red to brown: interbedded volcaniclastic sediments:
Mine Se ries

700-

lahar-like: coarse angular breccias with sorted

S equence

1000'

sandy units: host rock for silver mineralization

o

o

V

^

tr r

V C U

Red-brown to pink breccias: highly altered: clasts
Interbedded

up to 3" in diameter interbedded with sillar-like

Breccia and Flov 100-700'

rhyolite flows: crystal poor sanidine rarely visible:

Sequence

pink in color

(with
CHFIowJJome^

C-flow: extrusive flow dome: platy nature, lenticles
abundant: pink to red-brown in color
3 0 -6 0 '

Dark brown in color: massive: lenticles abundant:
crystals rare: vitrlc

Flow Dome
Sequence

1 0 -3 0 '

Tlg^fiow;

Light brown: sub-platy: crystal poor
Mottled gray and red: lithics resemble matrix: flow

35'

Form ation

banding: crystals are rare
<>r 4 '/ -#

Kane W ash
7 0 '-?

-0

>
Fl 'faceous: gray to light brown: llthic-vltric: crystals
Include sanidine, quartz, and biotite________________

34

top of the flow dome sequence.
Due to the poor exposures in the area, absolute
thicknesses were difficult to obtain.

The base of the A

flow was never located, but the minimum thicknesses mapped
was 35 feet.

The B flow is the thinnest of the four,

ranging from 10-30 feet thick.
30-60 feet thick.

The D flow ranges from

The C flow is quite thick.

Maximum

topographic relief is over 700 feet at the radio tower
along the northern edge of section 2 (Township 36N, Range
17W) , possibly due to domal uplift or faulting.
The flow dome sequence exhibits numerous breaks as
topographic ledges and often the ledges align themselves
along distinct trends.

This is primarily a result of

faulting, trending northwest.

This is illustrated for the

flow dome sequence along with the major faults mapped in
the field.

A major fault, within the sequence, trends

east-west along the southern portion of the sequence
separating the dome from the mine by a broad alluvial
valley.

Other minor faults occur within the dome having a

various number of causes ranging from radial fractures
associated with doming to sympathetic faults associated
with the Basin and Range faulting.
In hand specimen,

the four units of the flow dome

exhibit distinct characteristics which make the separation
of the units in the field possible.

The A flow is dark

red-maroon and gray mottled exhibiting flow-like texture.
It appears to be a breccia flow with reddish lithics, but
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both the lithics and the matrix have the same microscopic
character.

This is suggestive of a collapse breccia found

along margins of a caldera.
be due to alteration.

The color changes could also

Altered sanidine is visible as small

phenocrysts usually less than 1 mm in diameter.
present as linings along vugs and fractures.

Quartz is

No basal

vitrophyre was recognized in the field.
The B flow is light red-brown to earthy pink in color
due to variations in intensity of alteration.

Flow

features are evident and crystals are moderately abundant.
Sanidine, hornblende, and smoky quartz make up the visible
phenocrysts.

Quartz ranges in size from 1-3 mm in diameter

while sanidine attains a maximum size of 6 mm.

The minor

hornblende is primarily altered to oxides and thus the true
dimensions of the grains are destroyed.
sanidine is euhedral,

Although the

some crystals are altered to clays

and a yellow variety intepreted as nontronite.

Secondary

blebs of globular hematite are present near the crystals.of
sanidine.

Lithics are not present in this flow.

The C flow is easily recognized in hand specimen due
to its platy partings.

The flow forms the majority of the

gradual platy slope outcrops in the domal area.
its platy nature,

Aside from

it is reddish brown in color with minute

quartz filled fractures throughout.

Sanidine, quartz, and

plagioclase make up the observable phenocrysts.

Quartz and

plagioclase are present up to 2 mm in diameter while
sanidine crystals obtain a maximum size of 5-6 mm.

The
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quartz is smoky, and the sanidine and plagioclase are
often altered to clays and rimmed with an altered matrix.
Like the B flow, lithics are not present.
The D flow is also easily recognizable, being quite
massive and dark gray brown in color.

It is characterized

by numerous lenticules aligned with the layering.

Sanidine

is the only observable phenocryst in hand specimen.
euhedral and relatively unaltered.
range of 2-5 mm in diameter.

It is

The sanidine has a size

The lenticules are very narrow

and are lined along the edges with crystalline quartz, and
the remaining void space is filled with chert or
chalcedony.

These lenticules range in size from less than

1 mm to 20 mm in length.

Lithics are not present and

alteration is restricted to the lenticules.
2.

Petrography. The flows of the flow dome sequence

are moderately crystal rich.
estimated at 7 - 10%.

Total crystal content is

The use of thin sections provided

keys to identification which facilitated a reliable
distinction of the units.

These observations will be

discussed for each flow.
Within the A flow, sanidine and quartz are abundant in
thin section.

Other minerals such as hematite, magnetite,

zircon, and tridymite are present in concentrations from
trace amounts to 1 - 2%.

Lithics are present and are

distinguished only on the basis of alteration by iron
oxides.

This lack of contrast between the lithics and

matrix is suggestive of basal lava flow brecciation and
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healing with the same lava (Figure 5).
Sanidine is the most abundant and largest mineral
present and displays a moderately high degree of
alteration.

This alteration has partially to completely

destroyed the feldspar, but the outline remains, replaced
with calcite and clays.

The crystals are dominantly

euhedral in form but commonly subhedral in smaller grains.
These sanidine crystals exhibit a glomeroporphyritic
texture, suggestive of a volcanic cupola in the proximity of
the study area.

Quartz is present in relatively few

isolated crystals but is most common in veins.

Within

these fractures, tridymite has grown inward from the walls
and quartz fills the core.

Where isolated, the quartz

grains are subhedral in shape.
Alteration is very prevalent.

At times, it is so

intense that it is often difficult to determine the
identity of the original mineral.

Oxides are present,

suggesting the probability of alteration of mafics though
no such mafics were actually seen in the A flow.
The B flow contains abundant phenocrysts of sanidine
with minor amounts of quartz.

Other minerals, such as

hematite, magnetite, and tridymite occur in trace amounts.
The flow is essentially void of lithics.
noticeable feature observed,

The most

is the presence of a high

degree of devitrification of the matrix resulting in an
axiolitic texture of cristobalite and feldspar as discussed
by Ross and Smith (1961)

(Figure 6).

The vitrophyre to the
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Figure 5.

Photomicrograph of the A flow, Flow Dome
Sequence.
The lithic fragment (darker
color) blends in with the grainy matrix
suggestive of a collapse breccia.
Sample No.
B-169 A (x 37, crossed nicols).

Figure 6

Photomicrograph of the B flow, Flow Dome
Sequence.
Poorly defined spherulites in
the matrix and axiolitic texture around the
large sanidine crystal (large black form).
Sample No. B-170 (x 30, crossed nicols).
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B lava flow is a black glass with only minor amounts of
alteration.
Sanidine is the most abundant mineral present and is
largely euhedral and unaltered.

The crystals range in size

from 1.0 mm to over 4.5 mm in diameter.

Excellent Carlsbad

twinning was observed in most all phenocrysts.
Glomeroporphyritic and poikilitic textures with quartz are
common among the sanidine crystals which are also aligned
by flowage.

Quartz is usually anhedral and not as abundant

as the sanidine.

Individual grains attain a maximum

diameter of less than 2 mm.

The matrix is chiefly

devitrified, exhibiting an axiolitic texture containing
many spherulites.

Most commonly, this texture surrounds

the feldspars as a rim.
It is possible the B flow contained an abundance of
water and volatiles.

Devitrification occurs in compacted

tuffs and in flows due to vapor activity that is generated
within the flow units.
At a few localities, namely in section 35 of Township
35N, Range 17W, Utah,
well exposed.

the basal vitrophyre of the B flow is

In this section,

crystals of sanidine and

quartz are enclosed in an intensely devitrified matrix that
has abundant carbonate and clay alteration.

Chlorite and

nontronite occur in a perlitic texture throughout the
matrix.

Pumice fragments, elongate and compacted, also

occur in this vitrophyre.

This could be due to the

proximity of the sequence to the edges of the flow where
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volatile reactions involving juvenile water and groundwater
is likely.

This would cause a frothy texture at the

borders.
Within the C flow, or domal flow, crystals of
sanidine, plagioclase, quartz, and minor biotite make up
the phenocrysts.
12%.

Sanidine is most abundant, averaging 8 -

Quartz and plagioclase are about equal in content,

averaging 2% or less.
amounts.

Biotite only occurs in trace

Hematite, quartz, nontronite,

and magnetite are

present in varying amounts as alteration products.

Gas or

vapor voids are present along with minute fractures, but
lithics are essentially non-existent.

Along with the

presence of plagioclase, the matrix is unique in
composition to the A and B flows.

Within the C flow, the

matrix is trachytic in texture, composed of minute laths of
plagioclase and some sanidine oriented in a parallel
manner

(Figure 7).

This flow resembled the Isom Formation

in the field, based on its mineralogy and textures, but is
not an ash-flow.
Although it is not the most common phenocryst,
plagioclase is the most abundant groundmass mineral of the
C flow.

It is dominantly oligoclase-andesine and occurs as

the trachytic laths as well as minor phenocrysts.

The

phenocrysts are euhedral to subhedral and are essentially
void of alteration.
size from 2 - 3

Aligned by flow, the crystals range in

mm in diameter.

Quartz is not as abundant

as the plagioclase, but does occur as subhedral to anhedral
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crystals ranging up to 2 mm in diameter.

A later stage of

fracturing contains the veining by quartz and other
minerals along the thin bedding zones during the alteration
of the flow.

Sanidine crystals are frequently euhedral and

achieve a maximum diameter of 2 - 3 mm.
subhedral flakes 1 - 2

Biotite occurs as

mm in length.

Although the degree of alteration of the domal flow is
minimal, some occurs within the flow, especially near
mineralized veins scattered around the dome.

Nontronite,

again, is present especially congregating in areas where
the groundmass is coarser.

The laths of plagioclase are

strongly zoned and calcite replaces some of the larger
phenocrysts.
flow.

Hematite staining is also prevalent in the C

Devitrification is not present suggesting a

viscous nature to the flow.
The D flow appears to be a crystal poor lava flow,
dark in color and altered with secondary quartz.

The

alteration is so prevalent that the original mineral suite
present is difficult to determine.

However, the diagnostic

feature of this flow is the abundance of well defined,
elongate lenticules

(Figure 8).

These lenticules,

primarily filled with quartz, are either pumice voids or
gas vesicles.
ascertain.
than 8%.

The alteration makes this difficult to

The amount of crystals in the D flow is less
Sanidine and plagioclase are the major

phenocrysts with amphiboles, quartz, and biotite averaging
0.5% or less.

Calcite, quartz, and iron oxides are present
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Figure 7

Photomicrograph of the C flow, Flow Dome
Sequence.
Trachytic texture surrounding a
sanidine grain.
Sample No. B-168 (x 37,
crossed n i c o l s ) .

Figure 8

Photomicrograph of the D flow, Flow Dome
Sequence.
Large crystals in a patchy matrix
with lenticles lined with quartz crystals and
filled in with secondary quartz.
Sample No.
B-175F (x 30, crossed nicols).
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in trace amounts as alteration products.
Sanidine is the most abundant of the phenocrysts,
occurring in numerous large crystals.

Many samples contain

crystals 4 - 5 mm in diameter exhibiting excellent Carlsbad
twinning.
shape.

These phenocrysts are subhedral to anhedral in

Plagioclase is smaller and less abundant than the

sanidine, ranging in diameter from 1 - 2 mm and subhedral
to euhedral in form.

Based on extinction angles, the

composition is oligoclase to andesine.

Quartz is very

small as phenocrysts and more abundant as secondary
mineralization.

Hornblende and biotite are present in a

few samples exhibiting a "burnt" texture caused by
alteration and rimming of these mafics by iron oxides.
sizes are normally about 1 - 2

The

mm in length for both mafic

minerals.
Quartz is the most abundant alteration product within
the D flow.

Two types were recognizable.

The first, is

lining or filling of pumice or gas lenticules that are
quite abundant within the flow.

Some of the lenticules

attain lengths of over 20 mm and are filled with two stages
of quartz.

The first stage lined the cavities as wedge-

shaped euhedral prisms.
void completely.

The second stage filled in the

Another type of quartz present is

silicification alteration.

Here, quartz is present in the

groundmass and at times disguises the larger phenocrysts.
In some samples, the phenocrysts are completely destroyed
by the silicification process.
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A second phase of alteration, occurring in a lesser
extent, is secondary calcite.

Calcite tends to line the

outside portions of the lenticules and attacks portions of
the plagioclase crystals.

This type of alteration is most

likely due to hydrothermal fluids that affected the voids
before the whole rock.

The alteration around the

plagioclase suggests a compositional zoning within the
plagioclase.
The last kind of alteration observed in the lava flow
is the oxidation of the mafics to iron oxides.

It,

however, is not of any significance since the
concentrations of the mafics is only of trace proportions.
In summary, the Flow Dome Sequence is divided into
four flows based on field characteristics and thin section
textures.

The A flow is characterized by the gray to red

mottled appearance,

lithics resembling the flow matrix, and

weak flow bonding.

The B flow contains more crystals,

lacks lithics, and exhibits axiolitic textures.
is platy,

The C Flow

shows flow features, and is trachytic in nature.

The D Flow is massive, contains numerous large lenticules
and is crystal poor.
3.

Chemistry.

The flow dome sequence varies less

chemically than mineralogically.
chemistry,

In other words, based on

it is practically impossible to differentiate

the four flows that were separated with comparable ease by
thin section.

This is typified by the fact that the A, B,

and D flows had an average SiC^ content of 74.0% — 0.63%.
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Complete chemical analysis for several samples from the
flow dome sequence are given in Table I.
however, of SiC> 2

On the basis,

and Na20, it can be seen that the A, B,

and D flows are somewhat related

(i.e.,

lack of

plagioclase); whereas, the C flow is separate in this
comparison.
On the basis of chemical analysis,
sequence is classified as a rhyolite.

the flow dome
The normative

feldspar proportions of the flow dome sequence were
obtained from the chemical analysis and plotted on the
chart shown in Figure 9 with respective Tit^ values.
this chart,

Using

it is noticed that the TiC^ values for the flow

dome are less than those of the Mine Series Sequence.

With

the exception of the B Flow, the TiC^ values increase with
the passing of time signifying differing chemistries.
D.

INTERBEDDED FLOWS AND BRECCIAS
1.

Field Characteristics.

Located in the northern

portion of the study area, a complicated sequence of
interbedded crystal poor lava and sillar-like flows with
altered volcaniclastic breccias form low lying,
knolls around the flow dome.

rounded

The area lies within sections

21, 22, 27, and 28 of Township 35N, Range 17W.

The entire

sequence generally trends N20 - 30W and beds dip steeply to
the southwest or to the northeast depending on their
locality.

This sequence is hypothesized to be underlain by

the lava flows of the Flow Dome Sequence
flows).

(A, B, and D

The basis of this is the presence of a tilted D
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TABLE I.

CHEMICAL ANALYSIS OF FLOW DOME SEQUENCE BY X-RAY FLUORESCENCE

SAMPLE SAMPLE
NUMBER TYPE

sio2

B-166

A Flow

B-169
B-173

MgO

CaO

N a 20

k

2o

Ti02

2.6

0.10

0.91

4.5

4.6

0.19

0.09

0.09

11.6

2.4

0.02

0.35

2.8

5.6

0.17

0.03

0.07

77.1

10.3

2.2

0.10

2.1

1.3

6.7

0.15

0.01

0.08

71.0

14.6

2.7

0.06

0.47

4.0

7.0

0.24

0.04

0.08

Al2^3

Fe2°3

74.4

12.5

A Flow

76.9

A Flow

B-169C A Flow

P 2°5

MnO

B-116

B Vitrophyre
Contact

73.9

11.4

4.1

0.33

1.2

3.8

4.9

0.10

0.07

0.07

B-115

B Vitrophyre
Contact

75.8

11.7

1.9

0.18

1.2

3.4

5.5

0.10

0.10

0.07

B-170

B Flow

72.7

13.5

2.16

0.08

0.26

4.8

5.9

0.33

0.05

0.08

B-168

C Flow

73.0

13.6

1.8

0.11

0.63

5.4

5.0

0.25

0.03

0.07

B-165

C Flow

71.1

14.7

3.1

0.22

0.57

4.9

5.1

0.23

0.04

0.07

B-174

D Flow

74.0

12.9

2.3

0.09

0.27

5.0

5.0

0.31

0.07

0.08

B-167

D Flow

75.5

11.9

2.1

0.06

0.43

4.4

5.3

0.28

0.02

0.08

Average

74.1

12.6

2.5

0.12

0.76

4.0

5.5

0.21

0.05

0.08

2.1

1.4

0.6

0.09

0.56

1.2

0.76

0.08

0.03

0.03

Standard Dev.
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Figure 9.

Normative feldspar proportions related to rock
type, after O'Connor (1965) for the Flow Dome
Sequence.
The various size dots represent TiC> 2
values with 0.27 being the average rhyolite.
Ab-albite, An-anorthite, Or-orthoclase.
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Or
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flow underlying an altered breccia unit in section 27,
Township 35N, Range 17W, Utah.

The breccia sequence is, in

turn, overlain by colluvium or simply crops out.

Due to

poor exposures and severe deformation within the sequence,
thicknesses were difficult to obtain.

However, a minimum

thickness for the entire sequence is estimated at about 110
feet

(30 - 4 0 m ) , with individual breccia or flow units

ranging from 3 feet to 50 feet in thickness.
By comparing chemical characteristics with hand sample
analyses, three distinctive units make up the Interbedded
Flows and Breccias sequence

(IFB).

The first is a series

of crystal poor, featureless rhyolite lava and sillar-like
flows.

The second unit is comprised of matrix-supported

quartz latite lithic breccias.

Interbedded with these is a

lapilli to blocky lithic breccia of rhyolite-quartz latite
composition.

Each unit will be described individually in

both hand sample and microscopic analysis.
a.

Lava Flow Sequence.

The lava flow sequence

consists of light pink to tan, crystal poor rhyolites.

The

crystals are relatively large in size compared to the other
flows in the study area.

Quartz, sanidine, and plagioclase

phenocrysts are easily recognized in hand specimen.
is dark to smoky in color.

Quartz

Quartz grains are present up to

2 mm in diameter, while sanidine and plagioclase attain a
maximum size of 10 mm.

Minor altered lithic fragments are

also present.
The lava and sillar-like flows exhibit a rough silty-
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like texture and are poor to moderately lithified.
term "sillar" was selected from Smith and Ross

The

(1961)

because these flows resembled a tuff unit and were silty in
nature.

However, pumice does not exist in the specimens

nor do they appear to have any areal extent.
the unit is classified as a sillar-like flow.

Therefore,
Thicknesses

are difficult to determine, but a few exposures of the lava
and sillar flow sequence are 6 - 8

feet thick

(2 - 3 m ) .

This textural characteristic suggests a flow that was not
as volatile as, for example, the B flow of the Flow Dome
Sequence, but more of a viscous flow.
The breccia sequence is made up of a hodgepodge of
altered and unaltered lithic breccias which are difficult
to subdivide.

However, based on TiC^ values and textures,

the author attempts to divide them into two broad
categories.

The first is a rhyolite-quartz latite volcanic

breccia and the second is a quartz latite tuff breccia.
These classifying terms are based on chemistry and texture
as described by Wentworth and Williams
b.

(1932).

Rhyolite-Quartz Latite Bre c c i a .

The

rhyolite-quartz latite volcanic breccia is clast-supported
with very little matrix.

The color is red to brown in its

unaltered state becoming light pink to gray when
argillically altered.

The volcanic clasts range in size

from lapilli to block proportions attaining maximum
diameters of 4 feet

(1 - 2 m)

in some instances.

This size

range suggests that they were breccias that formed from
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debris that fell off the dome as it formed.
this,

In support of

identifiable lithics are that of the Flow Dome

Sequence lavas.

Crystals are extremely rare and consist of

only tiny fragments of sanidine and rounded quartz from
other flows.

Lithic fragments are poorly sorted and of

unknown sources with the exception of the few flows
identified with the flow dome lavas.
c.

Quartz Latite Breccia.

The quartz latite

tuff breccia is composed of lithic aggregates of dominantly
lapilli size

( >2.5 in) and is supported by an ash matrix.

The presence of the matrix separates it from the volcanic
breccia.

The color is dark red-brown when unaltered

becoming light pink to white when altered.

The volcanic

clasts are generally smaller than the volcanic breccia
ranging in size from 10 m m to 50 mm

(2 in.) with an

occasional 15 - 20 cm (6 - 8 inch) blocks scattered
throughout.

Some of these lithics appear to be pumice,

while others can be identified as flow dome lavas.

Others

seem to come from other sources or are too altered to
identify.

Crystals are also rare in the tuff breccia,

consisting of small rounded fragments of clear translucent
quartz and dark smoky quartz.

The texture and quartz

varieties suggests some distance of transportation and
multiple sources of its constituents.
2.

Petrography.

The rhyolite lava and sillar-like

flow sequence is a crystal poor unit which ranges from 9 12% total crystal content.

The crystals are dominantly
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sanidine and quartz.

Biotite, anorthoclase, and secondary

quartz occur in trace amounts.
nontronite,

Hematite, clays, calcite,

and iron-oxides make up the alteration

products.
Sanidine is the major mineral in the sequence occur
ring as large euhedral to subhedral crystals.

It ranges in

size from 0.5 - 5.0 mm in diameter with an average size of
2.5 mm.

Some of the sanidine grains display Carlsbad

twins, but when these twins are absent, only the euhedral
shape enables it to be distinguished from quartz without
optical testing.

Micrographic texture with quartz was seen

in a few slides.

In a number of samples, the sanidine

crystals were arranged in a glomeroporphyritic texture.
Quartz is present as subhedral to rounded anhedral
crystals.

Individual grain size is generally less than 1.0

mm in diameter and often is displayed with the sanidine in
the micrographic texture in a few slides.

Quartz displays

variable abundance from one section to another.

Biotite is

also rare, altering to products of Fe-oxides in a biotite
rim.

Crystal sizes are generally less than 1.0 mm in

diameter.
Alteration present in the rhyolite lava and sillarlike flows is in the form of iron oxides, clays, calcite,
and minor nontronite.

The iron oxides occur as secondary

products of biotite and hornblende.

Hematite is present as

red coating due to the iron resulting from biotite-hornblende
alteration.

Clay and calcite alteration are present
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chiefly in the vugs and matrix of the flows or occasionally
in the sanidine crystals.
Flow banding texture is present in a number of
samples.

Elongate particles within the matrix are aligned

in a sub-parallel manner.

Phenocrysts are involved in this

texture in a few samples.

Lithics are essentially void in

the lava and sillar flows.

However, when present, they are

chiefly composed of spherulites and other devitrified
particles.
Although the volcanic breccia and tuff breccia differ
chemically and in the overall size and texture of the
lithics within the flow, they exhibit similar features in
thin section and hence will be grouped together.
Petrographically, the breccias have only a few scattered
and broken fragments of quartz, sanidine, anorthoclase, and
biotite.

Lithic fragments are the chief component of the

breccias.
Sanidine and quartz account for the majority of the
phenocrysts seen in thin section.
exhibited euhedral shape.

Only a few sanidines

Biotite and anorthoclase were

present only in one thin section.

Phenocrysts within the

breccia sequence averaged 0.5 mm in diameter.
Lithic fragment identification accounted for the bulk
of the petrographic study.

Determination of probably

sources for the breccias were of importance and lithics
that could be readily identified provided the necessary
information.

After studying 50 thin sections, the lithics
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were divided into 9 varieties.

These divisions include:

1) .

spherulitic fragments

2) .

miscellaneous devitrified fragments

3) .

D flow fragments

4) .

C flow fragments

5) .

flow banded fragments

6) .

unidentifiable fragments

7) .

crystal flow fragments

8) .

patchy devitrified fragments

9) .

quartzite fragments

By this distinction,

(sanidine bearing)

it can be concluded that the breccias

came from the flow dome as avalanche-type deposits picking
up fragments from the flow dome itself and the older lava
flows the dome displaced.
Alteration is prevalent within the breccia sequence.
Argillic alteration is the most noticeable.

This is

typified by the bleached appearance and complete textural
modification of the samples.
clay)

Smectite

(Ca montmorillonite

is most likely the principle clay.

calcite is also extensive.

Alteration by

Calcite often accompanies the

argillic alteration described above.

It is also abundant

in the vicinity of the minor ore veins located in the
sillar-like flows.

Hematite is also present as ferruginous

clays in devitrified glass.
3.

Chemistry.

The differences in chemistry between

the lava and sillar-like flows and the breccias are distinct.
However,

the chemical range within each sequence is quite
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large.

This is typified by the SiC^ which ranges from

70.0% to 79.0% in the breccias and 71.1% to 77.1% in the
lava and sillar flows.

The lava and sillar-like flows do

show a greater uniformity in chemistry than do the
breccias.

This narrow range is exemplified by the A ^ O ^

content which ranges from 12.2% to 13.9% with a mean of
13.5% + 0.22%, and Ti02 content, which is very stable.
Complete chemical analysis for several samples from the
breccia and lava-sillar flows are given in Table II.
observing values in the Table,

By

it is evident that

alteration has a pronounced effect on the sequence as
typified by variations in silica,

iron, calcium, and

potassium.
The normative feldspar proportions of the lava and
sillar-like flows and breccias were obtained from the
chemical analysis and plotted on the chart shown in Figure
10.

Using this chart, the lava and sillar-like flows group

nicely as a rhyolite.

The breccias, due to alteration and

variations in texture and matrix, are spread out from
rhyodacite to rhyolite.

However, as will be discussed

later in the discussion of alteration, the breccias are
found to be a quartz latite to rhyolite based on Ti 0

2

values.
E.

MINE SERIES SEQUENCE
1.

Field Characteristics.

The Mine Series sequence

is a series of bedded tuffaceous sandy rhyolites and
conglomeritic rhyolites occurring in the vicinity of the
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TABLE II.

CHEMICAL ANALYSIS OF THE INTERBEDDED FLOWS AND
BRECCIAS SEQUENCE BY X-RAY FLUORESCENCE
FLOWS

SAMPLE
NUMBER

Si

Al

Fe

Mg

Ca

Na

K

Ti

P

Mn

B-161

74.1

13.5

1.3

0.04

0.24

4.6

5.7

0.32

0.12

0.06

B-138

74.2

13.9

1.3

0.09

0.10

4.4

5.6

0.33

0.02

0.05

B-120

74.6

13.9

2.2

0.21

0.39

0.84

7.4

0.27

0.06

0.05

B-136

73.7

13.4

3.3

0.08

0.64

4.20

6.1

0.33

0.26

0.07

B-160

73.9

13.7

1.8

0.01

0.20

3.9

6.0

0.36

0.06

0.06

B-191

71.1

13.0

2.3

0.41

2.3

5.5

4.9

0.33

0.03

0.10

B-172

73.9

13.5

1.6

0.02

0.23

4.7

5.6

0.36

0.06

0.06

B-150

76.5

12.2

1.9

0.19

0.29

3.7

4.7

0.32

0.17

0.07

B-162

77.1

13.2

2.6

0.10

0.71

1.9

3.7

0.22

0.28

0.06

B-175

72.3

14.9

1.6

0.12

0.44

4.7

5.5

0.25

0.05

0.06

AVERAGE

74.1

13.5

2.0

0.13

0.55

3.8

5.5

0.31

0.11

0.06

0.59

0.11

0.61

1.34

0.92

0.04

0.09

0.01

STANDARD DEV.

1.75

0.69
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TABLE II.

Continued

BRECCIAS
SAMPLE
NUMBER

Si

Al

Fe

Mg

Ca

Na

K

Ti

P

Mn

B-152

75.1

13.1

2.6

0.57

1.3

1.1

5.7

0.29

0.05

0.06

B-135

72.0

13.3

3.1

0.88

2.1

0.56

7.6

0.36

0.06

0.05

B-128

70.0

12.8

0.83

0.23

6.6

0.45

8.5

0.49

0.02

0.06

B-123

71.9

13.4

2.4

0.54

1.9

0.29

8.6

0.36

0.33

0.09

B-163

75.8

12.8

1.6

0.09

0.58

0.66

7.6

0.36

0.27

0.05

B-108

72.8

14.3

2.08

0.33

1.3

0.22

8.3

0.41

0.16

0.07

B-lll

75.3

13.1

1.0

0.14

0.29

0.38

9.2

0.39

0.11

0.07

B-127

74.9

13.9

1.4

0.16

0.23

0.13

8.7

0.30

0.09

0.05

B-164

71.7

13.9

3.0

0.78

1.1

0.38

8.4

0.44

0.08

0.07

B-129

70.7

22.0

0.38

0.05

0.40

0.46

5.3

0.26

0.32

0.05

B-126

75.1

12.6

2.4

0.25

0.55

1.1

7.4

0.34

0.13

0.07

B-122

72.8

13.5

2.3

0.23

1.1

1.4

7.7

0.36

0.58

0.03
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TABLE II.

Continued

BRECCIAS

B-159

74.6

12.5

2.3

0.50

1.1

1.7

6.5

0.35

0.32

0.08

B-143

73.9

12.9

2.9

0.50

0.80

3.2

5.1

0.38

0.23

0.09

AVERAGE

73.3

13.3

2.0

0.38

1.4

0.86

7.5

0.36

0.20

0.07

0.5

0.8

0.25

1.5

0.79

1.3

0.05

0.15

0.01

STANDARD DEV.

1.80
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Figure 10.

Normative feldspar proportions related to
rock type after O'Connor (1965) for the
interbedded flows and breccias.
The
various size dots indicate TiO^ values.
The dots grouped together beneath the
word "rhyolite" represent the sillarlike flows.
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Escalante Mine area and on the northeast trending hills to
the southwest of the mine.

A small poorly exposed outcrop

of the lower Mine Series is present along gullies to the
north of the mine.

The sequence lies predominantly in

sections 2, 10, 11, 14, and 25

(Township 36N, Range 17W) of

the study area and is so named because the principal ore of
the district lies within the sandy units of this sequence
and has hence been termed the "mine series" by the
geologists of the Escalante Mine.
Due to the poor outcrops, attitudes of the units were
difficult to obtain.

From available data, the Mine Series

strikes east-west with only a slight dip of 7 - 10 degrees
to the south.

The outcrops visible within the sequence are

dominated by pronounced fracture patterns that also control
many of the veins of the district.

The most prevalent is a

N20 - 25E, near vertical dipping fracture that controls the
Escalante vein.

This fracture then bends to join a

predominant N10 - 14E trending split called the Southeast
split.

The two fracture sets are prevalent throughout the

sequence appearing in several parallel patterns over the
study area.

The rocks of the sequence are also highly

jointed, with joint sets running roughly north-south and
east-west.
The Mine Series is roughly divided into four different
lithologic units, based primarily on texture.

The lower

most is a light tan-red tuffaceous sandy unit with abundant
sub-angular rock fragments ranging in size from sand-size
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to less than one inch in diameter.

This unit is commonly

planar bedded although it has been reported to exhibit
rough cross-bedding and channel filling
Rowley, e d ., 1978).

(Arentz, Shawe,

These were not observed in the field.

The unit also exhibits graded bedding in a generally fining
upward sequence.

Quartz, volcanic glass, sanidine,

biotite, and plagioclase are all visible with a hand lens.
The volcanic glass is a dark smoky black compared to the
clear quartz.

Small rock fragments of various compositions

are scattered throughout the section.

This unit contains

all of the mineralized veins in the Mine Series.
The second unit is a planar bedded, dark red to maroon
tuffaceous, conglomeritic-sandy unit.

It is composed

chiefly of loosely cemented sub-angular rock fragments and
gravels in a feldspar matrix. The rock fragments are made
up of the underlying sandy unit, pumice fragments, and
those of unknown composition.

Quartz and sanidine are

scattered throughout the sequence, generally less than 1 mm
in diameter.

The sandy unit and conglomeritic unit are

frequently interbedded throughout the sequence in intervals
from a few inches up to 15 ft (5m).

This may suggest that

a coarsening upwards sequence exists between the sandy unit
and the conglomeritic unit.

This is often found in many

alluvial fan or avalanche surge deposits.
The third unit is similar to the conglomerate except
that it is poorly sorted and the rock fragments are blocky
in nature.

The composition is in essence the same, but it
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is much more highly silicified than the first conglomerate.
Quartz is the only mineral present occurring as fragments
less than 1 m m in diameter or as micro-crystals in vug
fillings.

The rock fragments are blocky, composed of

various flows from the older flow dome lavas
fragments of unknown composition.

(A and D) and

The matrix is deep

red-brown of feldspar composition and is highly silicified.
These fragments range in size from a few centimeters to a
few inches in diameter.

This unit lies on top of the

interbedded sequence and caps most of the hilltops in
sections 10 and 11.

It may represent the brecciation

caused by the mineralized fissures.
The final unit is a red to pink mottled flow breccia.
The unit is localized to a small patch capping the largest
hill in section 11.

Sanidine and quartz are noticeable in

hand sample obtaining a diameter of around 1 mm.

There are

a few rock fragments in the unit but, not as many as
characterized by the underlying units.

Some of the rock

fragments noticed in this unit are from the hot spring
deposit to the north of the mine revealing an older age for
the hot spring deposit.
2.

Petrography.

A total of 18 thin sections were

made of the Mine Series highlighting each of the four main
lithologic units.

The overall mineral composition is

approximately the same throughout the four units.
percentage ranges from 9 - 15% total crystals.

The mode

The

minerals present in decreasing magnitudes are potash
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feldspar

(sanidine,

anorthoclase), quartz, biotite,

plagioclase, and apatite.
\

Sanidine is the most abundant mineral.

It is euhedral

and displays excellent Carlsbad twinning and only
occasional visible zoning.

Anorthoclase is present in a

few thin sections exhibiting good Carlsbad twinning with
faint outlines of albite twinning.

Quartz is usually

subhedral and equidimensional and having a diameter of less
than 1 mm.

Biotite is rare and is normally altered to

secondary oxides.

Often, only the crystal form allows
t

biotite to be identified.
Exotic lithic fragments dominate the thin sections of
the Mine Series.

Most are devitrified and exhibit numerous

well formed spherulites and axiolitic banded texture as
described by Ross and Smith

(1961).

These spherulites are

composed of minute cristobalite and feldspars that gives a
rotating wheel-like extinction under crossed-nicols.

Vugs

and cavities are often lined with wedge-shaped tridymite.
Those lithics that exhibit definite boundaries are most
likely pumice fragments.

Other lithics exhibit flow

structure from other lava flows or exhibit the trachytic
nature of a biotite trachy-andesite.
Alteration is so prevalent that petrographic analyses
are difficult.

Abundant calcite replaces plagioclase

crystals and the cores of sanidine grains.

Calcite also

fills in parts of the matrix and completely dominates the
rock near the mineralized veins.

Secondary iron oxides are
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present as alteration products of biotite and the
weathering of these minerals often stains the groundmass
with oxides.

Clay alteration of feldspar grains occurs in

minor amounts.
Glass shards are weakly preserved only within the
tuffaceous sandy unit.

These fragments are of the typical

Y and V shapes and do not exhibit welding features.

They

are abundant within this unit but occur amongst equigranular rock fragments, hence suggesting some aspect of
sorting as opposed to flowage
are highly devitrified,

(Figure 11).

Although they

the preserved structure suggests

that the sorting must have occurred.

Sediment transport

would have completely destroyed the shard structure.

Thus,

this sandy unit was either erupted as an ash fall that was
deposited in extremely shallow water, or the unit is part
of an alluvial fan deposit that was subjected to only
limited water flow.
3.

Chemistry.

The Mine Series varies more in

chemistry than in overall mineralogy.

This is illustrated

in Table III, which gives the complete chemical analyses
for several samples of the sandy and conglomeritic units.
Previous reports have stated that the Mine Series volcanics
were reworked water laid deposits of volcanic ash
suggesting sedimentary processes.

This author believes

that the lower unit was deposited in a very shallow water
environment but was not reworked.

The upper units however,

are believed to form by different means.
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Figure 11.

Photomicrographs of the Mine Series Sequence.

Upper photograph exhibits the devitrification and sorting
within the sequence.
A few glass shards are noticeable.
Sample No. B-195 (x 45, crossed nicols).

Lower photograph illustrates the presence of glass shards
( V and Y shapes).
Sample No. B-156 (x 45, crossed
nicols).
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TABLE III.
SAMPLE
NUMBER

CHEMICAL ANALYSIS OF THE MINE SERIES SEQUENCE BY X- RAY FLUORESCENCE

ROCK
TYPE

sio2

A l 2 °3

Fe2°3

MgO

CaO

Na20

k 2o

Ti02

0.40

8.9

0.52

0.10

0.10

1.0

7.4

0.56

0.05

0.13

P 2°5

MnO

B-133

Mine Series
SS

67.2

13.4

3.1

0.24

5.9

B-154

Mine Series
SS

62.8

12.4

3.7

0.38

11.4

B-153

Mine Series
SS

67.1

10.5

2.6

0.38

5.4

0.65

6.6

0.36

0.04

0.09

B-153B Mine Series
74.4
SS (near vein)

11.4

3.8

0.38

1.3

0.0

7.9

0.46

0.16

0.07

B-132

Mine Series
71.3
SS (near vein)

12.9

4.6

0.72

0.67

0.0

9.1

0.46

0.15

0.12

B-156

Mine Series
Upper SS

78.2

10.7

2.6

0.11

0.13

0.87

6.8

0.29

0.11

0.07

B-155

Mines Series
Upper SS

73.6

12.9

3.3

0.27

0.65

1.1

7.4

0.37

0.21

0.09

B-151

Laharic
Conglomerate

73.4

12.2

3.1

0.36

1.3

2.2

6.8

0.41

0.08

0.10

71.0

12.1

3.4

0.34

3.3

0.78

7.6

0.43

0.11

0.10

4.6

1.0

0.63

0.16

3.7

0.67

0.89

0.08

0.05

0. 02

AVERAGE
Standard Dev.

71

To support this,

two systems are used to determine

igneous volcanic origin from sedimentary origin.
systems,

These

the first by E.S. Bastin and the second by C.A.

Ossan are discussed below.

It should be noted here,

that

the Mines Series Sequence does host the ore deposits and
has been subjected to extensive hydrothermal alteration.
This alteration may cause significant distortion of the
rock chemistry and hence modify these classifications.
1)

.

Bastin's Criteria - E.S. Bastin

(1909)

recognized

that different chemical compounds have differing
solubilities when exposed to weathering and sedimentary
processes.

He developed a set of statistically confirmed

chemical criteria by which sedimentary rocks can be
characterized.

It consisted of the following:

a)

K 20

N a 20: typically sedimentary

b)

MgO

CaO:

strongly suggestive of a

sedimentary origin
c)

both K20

Na 2 °

an<3

CaO: very strong

evidence of a sedimentary origin
d)

excessive normative A 1 202 : suggestive of a
sedimentary origin.

Igneous rocks are

virtually never greater than 2% excess A 1 2 02 .
e)

Si02

60%: the greater the silica value,

greater the sedimentary probability when
supported by other criteria.
2)

Ossan's Criteria.

In Johannsen

(1931), rock

characterization by chemistry was further refined by

the
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Dr. C.A. Ossan.

The system is based on the definite laws

of chemical combination which form minerals during magmatic
crystallization.

Ossan uses ternary diagrams where

sedimentary and igneous rocks occupy different parts of the
field.

The rock chemical data are used in terms of

normalized molecular proportions of each oxide
1979).

(Frank,

The data are converted into the terms specified

below.
a)

(S:Al:F)

System

S = Si02 + Ti02 + P 205
Al = A1 203
F = Fe2^3 + CaO + M n 0 + M g0
b)

(Al:C:Alk)

System

Al = A 1 203
C = CaO
The three terms of each system are end members on the
ternary diagram.

The data are converted to a base-30

system, and a single point is plotted for each specimen.
After careful consideration of the data generated in
Table III, it was quite evident that the S:A1:F System
would be the most useful.

Again, it goes back to the

influence of hydrothermal alteration.

The S:A1:F System

shows extremely consistent igneous characteristics as shown
in Figure 12.

This is because the parameters are

essentially unaffected by the alteration processes.
Conversely, Ossan's AL:C:A1K System, as well as Bastin's
criteria, would show false values because the alteration

73

Figure 12.

Rock samples from the Mine Series Sequence
plotted on Ossan's System modified from Frank
(1979).
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AI:C:Alk System

S:AI:F System
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has severely depleted the ^ £ 0

values and enriched the

and locally enriched the CaO near the veins.

Excessive

alumina would be produced in alteration by calcium,
particularly in the feldspars, where calcium would not
require as much alumina to form a feldspar.

By using the

S:A1:F diagram, it is apparent that the rocks of the Mine
Series Sequence are interpreted as primary igneous rocks.
However, on the observations seen in the field and thin
section,

these rocks were deposited as an air-fall ash unit

in a very shallow water environment.

The conglomerates and

coarse sandy unit lying above the sandy unit of the mine
are also primary igneous rocks.

On the basis of their

field character, evidence supports an alluvial deposit or
avalanche mudflow of volcanic composition.
On the basis of chemical analysis,
normative proportions of orthoclase,
developed by O'Connor

using a plot of

albite, and anorthite

(1965), the Mine Series Sequence is

interpreted to be a rhyolite-quartz latite in composition.
It is suggested that the rhyolite is more correct for the
overlying conglomerate units and quartz-latite for the sand
mine unit since alteration processes increased the CaO and
depleted the Na 2

0

shifting the points to the right into the

quartz latite division.
region

v a ^-ues fall into the rhyolite

(0.29) as suggested by Nockolds

(1954).

O'Connor's

chart relates the normative feldspar proportions to
specific rock types for quartz-rich igneous rocks.

The

Mine Series Sequence is plotted on such a chart in Figure
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13, with Ti02 concentrations also plotted averaging
approximately 0.43 weight percent of Ti02*
F.

LATE STATE VOLCANIC SEQUENCE
1.

Field Characteristics.

The last major section to

be discussed is a series of late stage volcaniclastic
sediments and lava flows that overlie the lava flows of the
Flow Dome Sequence and the rhyolites of the Mine Sereies
Sequence.

This group crops out in the central and south

central portions of the mapping area.

They are

concenerated in sections 3, 4, 5, 8, 9, 10, and 11 of
Township 36N, Range 17W, Utah.

This sequence is divided

into three parts that consistute one informal mapping unit
introduced in this study as the Quartz Peak Sequence.

This

sequence consists of a) a silicified cherty zone with minor
opal and fossils termed the Hot Spring Zone, b) a coarse
lithic breccia, and c) two flows, one crystal with rich
trichites and the other banded

(Figure 4).

The attitude of the Quartz Peak Sequence is variable
due to the extensive faulting.

The section measured by the

author strikes N55 - 70W and dips 30 - 33SSW.

Underlying

the Quartz Peak Sequence is what is believed to be a facies
member of the Mine Series Sequence, consisting of fine
grained, well sorted, hematite stained volcaniclastics that
have undergone local secondary silicification.

The

trichite flow caps most of the low hills to the south and
west and is the youngest unit in the study area.
Therefore,

the stratigraphic relationship of the Quartz
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Figure 13.

Normative feldspar proportions related to rock
type after O'Connor (1965) for the Mine Series
Sequence.
The various size dots represent Tit^
values.
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Peak Sequence with the unit(s)
determined.

that may be above it was not

The measured thickness of the sequence at the

best section located in section 3 (Township 36N, Range
1 7 W ) , is estimated to be 200 feet or more.

This figure is

questionable because of the complexity of faulting in the
area.
Underlying the Quartz Peak Sequence is a fine grained
volcaniclastic sediment.
hematite in the matrix.

It is dark red to brown due to
This may possibly represent the

lower silicified Mine Series sandy unit.

Although this

portion is intensely silicified and much finer grained,
petrographic study reveals a certain likeness in
mineralogy,

texture, and matrix to that of the Mine Series.

Whereas the rock lithology may be the same, a facies change
seems evident.

Being near the edges of a moat,

the lower

sandy unit of the Mine Series developed a coarser grained
texture as opposed to this unit which would be further from
the edge and fining outward.

The hand sample mineralogy is

dominantly secondary quartz due to the proximity to the hot
spring.

Also notable is hematite, both specular and

earthy.

Within the thin bedding of this unit, small rock

fragments are visible but not determinable.

These may be

the small lithics seen in the Mine Series unit.
The lower-most unit of the Quartz Peak Sequence is a
group of chert beds termed the Hot Spring Zone.

It is

divided into three separate units based on lithology and
fossil content.

The basal unit is a transitional zone
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between the underlying hematitic sandy volcaniclastic and a
clean white chert above.

Here, portions of the sandy unit

and a white chert are interbedded in a sequence that is
about 8 - 1 0

feet thick.

The fine-grained sandy unit is

highly silicified and well cemented.

Elongate lenses are

present in the sandy unit with the voids filled with a
white translucent chalcedony.

Handy specimens are variable

in color, ranging from a light brick red to cream white
depending on hematite content.

No crystals are readily

identifiable with the exception of a few pyrite blebs.
The clean white jasperoidic bed within this transition
zone rests upon the transition sequence in a massive form
approximately 10 - 20 feet thick.

This is a featureless

unit of chalcedony with the exception of small quartz
crystals filling the sparse vugs.

The color is primarily

white to cream with patches of red and gray-blue believed
to be related to iron and other impurities in the chert.
Lying above this chert layer is another jasperoidic
sequence approximately 50 - 75 feet thick.

This unit

ranges in color from tan-brown to pink-red depending on
iron content.

The texture of this unit is more sugary

rather than cryptocrystalline.
abundant within this unit.

Fossil plant debris is also

It also shows a fragmental

nature with clasts of the two lower units mixed with the
plant debris.

This suggests of clastic origin rather than

precipitation, then silicification.
present.

No crystals are

Segments of plant debris were easily identified
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as woody fragments, branch scars and leaf casts

(Figure 14).

The fossil samples were sent to Dr. Richard L. Leary,
Curator of Geology of the Illinois State Museum,
possible identification.

for

He stated that, for the most

part, they should be identified as "indeterminable plant
remains", although he did sight some possibilities as to
their origin.
equisetum

The wood stem fragments were "smiliar to

('horsetail')

stems".

spherical chalcedony blebs,

Another pattern of

"has a pattern similar to

lycopods

(elongated shaped leaf scars)

and branched lycopod

stems".

These are all "lower plants" or undergrowth found

in lowlands that evidently the environment was harsh enough
(i.e. hot spring,

saline)

that it could not support higher

order plants, but rather these wisk ferns and scouring
rushes.
Overlying the Quartz Peak Sequence is a lithic rich,
loosely compacted volcaniclastic sediment.
to pink and highly weathered.

It is earth tan

In hand specimen, weathered

fledspars make up the matrix with crystals of quartz and
clear sanidine scattered throughout.

Lithic fragments,

both angular and rounded account for the bulk of the rock.
Notable lithics include representatives from the Flow Dome
Sequence and Quartz Peak Sequence.

The lithics range up to

30 - 40 mm in diameter, while quartz and sanidine crystals
are less than 3.0 mm in diameter.

The nature of this

sediment resembles that of another alluvial deposit near
the Flow Dome Sequence.
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Figure 14.

Quartz Peak Sequence.

Upper photograph: ledge of Quartz Peak Sequence with thin
sandy unit at the base.
Sequence is jasperoid.

Lower photograph: branch scars and leaf casts within the
Quartz Peak Sequence (casts are reddish).
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The youngest rocks of this study, cap most of the low
hills to the south and west, as well as the above mentioned
sequences.

The first if termed a crystal rich trichite

flow based on its petrographic character.

In hand

specimen, the flow is dark brown with light colored voids
filled with quartz.
2 mm in diameter.
with clay.

Plagioclase grains are present up to
The voids are often rimmed and/or filled

No lithics are present within this flow.

The

second flow which seems to cap the trichite flow is a gray
crystal rich, banded flow.

Crystals include sanidine,

plagioclase, anorthoclase, quartz, and altered hornblende.
No lithics are present.

The matrix is a gray glassy matrix

supporting the numerous crystals.
an altered cream in spots.
mm in diameter.

The sanidine is clear to

All crystals are roughly 1 - 3

Hematite is common as an alteration of the

mafics.
Within the study area, another unit is worth
mentioning.

Along the southern edge of the area, a small

outcrop of dark green-gray andesite is present.

This

outcrop is flaggy to blocky in nature and no attitude was
taken.

Hand specimens reveal numerous laths of plagioclase

with biotite and hornblende.

Hornblende and biotite are

present up to 2 mm in length while the plagioclase crystals
attain a maximum size of 1 - 2 mm in diameter.

The mafic

minerals are stained yellow-brown by secondary limonite.
The overall texture is granular.
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2.

Petrography.
a.

Siliceous Sandy U n i t .

Based on thin section

study, the siliceous sandy unit that crops out below the
Quartz Peak Sequence represents a fining outward facies
relation to the lower Mine Series Sequence.

Quartz is the

dominant mineral present with sanidine and biotite present
in minor amounts.

The abundant lithics are exotic

devitrified and spherulitic fragments much like those in
the Mine Series.
secondary quartz.

Elongate cavities and vugs are lined with
Secondary iron oxides are also present.

Quartz is the most prominent mineral in this unit
exhibiting numerous equidimensional crystals.

These

crystals are anhedral in form and show slight resorption.
The sanidine crystals are smaller and subhedral in shape.
The extinction of some of these crystals are inhomogeneous
or wavy,

suggesting a perthitic zoning or cryptoperthitic.

This agrees with the analyses by Allen,

1979.

Biotite is

very scarce due to alteration to iron oxides.
The most distinctive feature of this unit is the
intense siliceous alteration.

The secondary quartz has

completely erased some of the fragments making it
impossible to determine their origin.

This type of

alteration is also prevalent as secondary filling or lining
of vugs and cavities.
b.

Quartz Peak S e q uence.

Thin section analysis

of this cherty sequence was unprofitable.

The sequence is

microcrystalline quartz with plant fragments present in
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certain members.

The plant fragments may be opalline in

nature suggestive of hot spring alteration.

Most of the

key diagnostic characterisitcs were made using hand sample.
c.

Trichite F l o w .

moderate crystal-rich lava flow.
ranges from 17 - 25%.
tridymite,
section.

The trichite flow is a

Total crystal content

Sanidine, plagioclase, anorthoclase,

and hornblende are all recognizable in thin
It is nearly void of quartz.

Iron oxides and

secondary calcite are present in trace amounts.

Numerous

forms of branching trichite crystallites of various sizes
are seen in every thin section

(Figure 15).

Trichites are

rudimentary forms produced by the arrest of growth in a
definite chemical compound which has attempted to
crystallize

(Johannsen,

1939).

Johannsen noted that they

are underveloped, embryonic crystals which have a regular
arrangement or grouping, but which do not posses the
general properties of crystallized bodies,
regular, polyhedral boundaries.

especially

They represent a stage

between the amorphous state and the crystalline.

The

presence of these trichites are suggestive of lava flow
crystallization.

Lithic fragments are nearly void in this

flow unit.
Sanidine is the most abundant mineral, but its size is
small compared to the other crystals.

The subhedral

crystals range in size less than 1.0 mm in diameter.
Occurring as laths, sanidine crystals are aligned in a
subparaliel manner and exhibit flow texture.

These laths
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Figure 15.

Photomicrograph of the late stage volcanic
sequence showing the trichites in the Trichite
Flow.
Sample No. B-103A (x 193, un-crossed
nicols).
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make up a majority of the matrix.

Larger crystals of

sanidine are also present up to 2.0 mm in diameter within
the flow.

They are characterized by a resorbed nature and

plucked cores commonly altered to sericite.

Plagioclase

occurs as subhedral to euhedral elongate crystals,

ranging

from 1.0 - 3.0 mm in length and constituting about 1 - 2%
of the rock.

Zoning occurs in more than half of the

plagioclase.

The composition is oligoclase, based on

extinction angles.

Large twinned anorthoclase crystals are

found in each thin section, although they are not abundant.
Individual grains are subhedral in shape and attain a
maximum diameter of 5.0 mm.

These large grains exhibit

albite-type twins coupled with broad Carlsbad twins.

The

anorthoclase phenocrysts are present in a glomeroporphyritic texture with the plagioclase phenocrysts.
Hornblende is restricted to fragmental anhedral grains and
oxide-rimmed crystals in only trace amounts.

Euhedral

crystals of sphene were also noted in trace amounts.
Alteration in the trichite flow occurs in relatively
weak intensity with no recognizable pattern.
as an alteration of the feldspars and matrix.

Calcite forms
The

hornblende is commonly oxidized to secondary iron oxides,
principally along the edges.
d.

Banded F l o w .

area is a crystal poor, banded flow.
is less than 10%.

The youngest unit in the stu
Total crystal content

Sanidine, plagioclase, and hornblende

are all present in thin section.

Sericite, calcite, and
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iron oxides are present in trace amounts.

Numerous pumice

lenticules and fragments of various sizes are seen in every
thin section.

Lithic fragments are essentially absent

under the microscope.
Sanidine, again,

is the most abundant mineral present

and displays variation in terms of grain size.
crystals range in size from 1 - 2

Euhedral

mm in diameter.

Broken

or fragmental phenocrysts are common especially in the
smaller grains.

Frequently, these phenocrysts are rimmed

by clay minerals.

Plagioclase is present in lesser amounts

and smaller sizes, averaging

1.0 mm in diameter.

Exhibiting anhedral form, they are commonly broken and
angular.

Moderate zoning is present and the composition is

that of oligoclase.

Hornblende content averages less than

1.0% and the subhedral to anhedral grains are less than 1.0
mm in diameter.
Alteration within this minor flow occurs in varying
degrees.

Clay is quite prominent especially around the

matrix as the glass devitrified and altered.

Alteration by

sericite is moderate near the cores of the feldspar and
plucked out regions.

Hornblende exhibits intense

alteration to iron oxides especially around the edges of
the grains.
Pumice-like lenticules and fragments are abundant
throughout the flow unit.

These fragments are well

devitrified, yet retain the original structure.
fragments are greatly elongated.

The

It is noted here that
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this flow unit exhibits only these lenticular forms.

No

glass shards are present.
e.

Andesite.

Although the andesite found in

the area has no significant bearing on the geologic model
of the Escalante District,

it nonetheless needs describing.

The andesite is a crystal-rich flow.
ranges from 25 - 30%.

Plagioclase,

Total crystal content
sanidine, pyroxene,

biotite are all abundant in thin section.

and

Iron oxides,

clays, and calcite occur in trace amounts.
Plagioclase is the dominant mineral in this flow,
occurring as euhedral to subhedral laths generally 1.0 mm
across.

Most laths are aligned in a trachytic manner with

some occurring as large phenocrysts

(Figure 16).

Intense

zoning occurs in most plagioclase phenocrysts in the rock.
Plagioclase composition is andesine.
crystals are present in thin section.

Large sanidine
Individual grains

are euhedral to subhedral in shape and are larger than the
plagioclase, attaining a maximum diameter of 3.0 mm.
Sanidine, however, is not overly abundant.
crystals exhibit good Carlsbad twinning.

These large
Pyroxene and

biotite phenocrysts are present in near equal amounts.

The

pyroxene forms an intergranular texture with the feldspars.
Both exhibit euhedral to subhedral grain shape up to 1.0 2.0 mm across.
Alteration is mainly restricted to the matrix and
certain pheonocrysts.

Chlorite has given the specimen an

overall green tint and is restricted to the matrix.
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Figure 16.

Photomicrograph of the Late Stage Volcanic
Sequence showing the trachytic nature in the
Andesite Flow.
Sample No. B-196A (x 30,
crossed nicols).
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Calcite forms as alteration products of plagioclase,
especially concentrated in the crystal cores.

Biotite and

pyroxene are commonly oxidized to secondary iron oxides.
3.

Chemistry.

Chemical analysis for the eight

samples from this group are listed in Table IV.

The

chemsitry of the Quartz Peak Sequence and overlying units
is variable.

However, rough groupings can be made.

First,

the underlying quartzite unit that resembles the Upper Mine
Series Sequence is easily characterized with the exception
of f^O values.

Here, SiC^ and A ^ O ^ are the most abundant

chemical constituents averaging 93.35% and 3.5%
respectively.

Secondly, the trichite flow is uniform

chemically with the SiC^ and A ^ O ^
chemical constituents.
high.

the most abundant

The Na20 content is relatively

These average about 73%, 13%, and 5% respectively.

Lastly, it is easily recognizable that the andesite and
banded flow units belong in separate categories since they
differ in MgO, CaO, and 1^0 content.

The Hot Spring Member

was not tested using XRF.
The normative feldspar proportions of this
stratigraphic sequence were obtained from the chemical
analysis and plotted on the chart shown in Figure 17.
Using this chart, the "andesite" is shown to be more of a
rhyodacite or dacite, where most of the lava flows are
rhyolite in composition.
O'Connor

However, the classification of

(1965) is based on quartz-rich igneous rocks and

an andesite is not classified as such.

Therefore,

it is
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TABLE IV. CHEMICAL ANALYSIS OF THE
LATE STAGE VOLCANIC SEQUENCE BY X-RAY FLUORESCENCE

MnO

*

SAMPLE
FACIES

to
o

SAMPLE
NUMBER

Ti02

B-178

Upper (?)
mine unit

93.4

3.70

2.2

0.18

0.18

0.71

0.45

0.11

0.05

0.05

B-212E

Upper (?)
mine unit

93.3

3.4

1.3

0.17

0.22

0.61

0.86

0.09

0.04

0.05

B-196

Andesite

59.1

16.7

7.9

2.31

6.7

2.7

2.9

1.0

0.46

0.09

B-228

Rhyolite
flow

76.2

11.6

2.0

0.65

0.77

2.9

5.2

0.35

0.06

0.07

B-101B

Trichite
flow

70.90

14.3

2.1

0.08

0,19

6.30

5.6

0.35

0.05

0.08

B-157

Trichite
flow

72.4

13.10

2.4

0.25

0.38

6.0

4.8

0.32

0.15

0.10

B-101A

Trichite
flow

76.9

12.5

2.1

0.06

0.22

3.0

4.7

0.27

0.04

0.11

B-131

Banded
flow

63.4

16.7

5.7

0.22

0.84

1.8

9.9

1.2

0.13

0.08

Average

Mean

75.7

11.5

3.1

0.49

1.2

3.0

4.3

0.46

0.12

0.08

2.24

0.71

2.11

2.01

2.81

0.38

0.13

0.02

Standard Dev.

sio2

11.67

A 1 2°3

4.91

F e 2° 3

MgO

CaO

N a 2°

P 2°5
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Figure 17.

Normative feldspar proportions related to
rock type after O'Connor (1965) for the
Late Stage Volcanic Sequence.
Rhyolites
represent the trichite and banded flows.
The rhyodacite represents the andesite
chemistry.

97

Ab

Or

98

assumed that the above mentioned unit is indeed an
andesite.

Due to sedimentary effects,

cementation,

such as sorting and

the volcanic sediments are shown as Quartz

Keratophyres.
G.

CORE SAMPLES
1.

Introduction.

In an attempt to establish some

correlation with the regional volcanic formations, core
samples from a hole that penetrated the unit below the Mine
Series Sequence were examined.

At the time of the field

work, hole #123 was the deepest hole with the possibility
that it would provide the most useful information not
observable at the surface.

A complete description of the

unit lying below the Mine Series Sequence is provided in
the sections below.
2.

Field Characteristics.

The unit collected in the

following core samples is overlain by the sandy unit of the
Mine Series Sequence.
bearing veins.

This sandy unit hosts the ore

The lower unit was reached in hole #123 by

development drilling of the Escalante Mine and was
generously loaned to the author by the staff of the
Escalante Mine - Ranchers Exploration and Development.

The

contact between the Mine Series Sequence and this lower
unit occurs at a depth of 1045 feet.
measured,

The minimum thickness

limited by the T.D. depth of 1106 feet,

is 61

feet.
Hand specimens are generally gray to red-tan in color.
The rock is broadly described as a hetrogenous,

lithic-rich,
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crystal poor tuff breccia composed of subangular fragments
from various sources.

Sanidine and quartz is visible in

hand specimen as rather large phenocrysts, although the
quartz is not abundant.

Sanidine is present up to 4 mm in

diameter while the few quartz crystals recognized attain a
maximum size of 3 mm.

Quartz is often rounded and broken

exhibiting conchoidal fracture.

Lithics from various

banded flows, crystal flows, and those which are
unidentifiable, are abundant in the core and attain a
maximum diameter of 20 mm.
3 - 5

mm.

Average diameter range is about

The matrix is white to tan, tuffaceous in

nature, composed of crystal dust and is loose to moderately
welded.
3.

Petrography.

The lower unit tuff breccia is more

crystal abundant than most other flows and breccias in the
study area.

Lithic fragments are abundant, yet small and

scattered.

Average lithic diameter is 3 - 4 mm.

Sanidine,

quartz, and minor hornblende are all present in thin
section.

Apatite, zircon,

secondary calcite,

oxides are present in trace amounts.

and iron

Numerous veinlets and

vugs of various sizes are seen in every thin section.
Sanidine is the most abundant mineral present and
displays variation in grain size and shape within the
sequence.

Euhedral crystals range from less than 1.0 mm to

over 4.0 mm in diameter.

Broken or fragmented phenocrysts

are common as smaller grains which average less than 1.0 mm
in diameter.

Moderate exsolution of sodium feldspars
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within sanidine crystals,

leaving a pitted appearance, are

found in most thin sections.

Very few quartz crystals are

present in each of the samples.

Individual grains are

anhedral in shape and have an average diameter of less than
1.0 mm.

The samples were essentially void of any large

crystals of quartz.

Hornblende occurs as fragmented chips

and altered relics throughout the matrix of the rock.
Zircon and apatite occur as small euhedral grains in the
feldspars.
Alteration is weak in the tuff breccia.

Calcite forms

as an alteration product of hornblende and the feldspars.
Sanidine often exhibits a calcite altered core.

Hornblende

is often completely altered either to calcite or secondary
iron oxides.

At times, oxidation is so intense that only

the crystal outline of the grain remains.
Lithic fragments are abundant throughout the tuff
breccia.

They range in composition including crystal-rich

hornblende andesites,

spherulites, rhyolite flows, to

patchy devitrified fragments.

Small veinlets and vugs are

often filled with quartz, calcite, and minor iron oxides.
The vugs may be gas vesicles or may result from the
physical plucking out of the crystal during flow movement.
4.

Chemistry.

Chemical analysis for the five core

samples of the tuff breccia are listed in Table V.

The

tuff breccia displays a wide range of variability within
the sequence, most likely due to alteration or vertical
zoning if it is an ash flow tuff.

SiC^ an<^

are t*ie

TABLE

SAMPLE
NUMBER

V

CHEMICAL ANALYSIS OF THE TUFF-BRECCIA
CORE SAMPLES BY X-RAY FLUORESENCE

Si

Al

Fe

Mg

Ca

Na

K

Ti

P

Mn

B-218
1025'

65.6

12.2

2.4

0.56

7.9

1.3

9.3

0.53

0.10

0.10

B-219
1025.3'

68.9

12.0

2.7

0.48

5.7

0.23

9.2

0.52

0.05

0.10

B-220
1038'

65.5

12.5

2.3

0.37

10.0

0.0

8.8

0.38

0.0

0.14

B-221
1045'

63.5

11.5

2.7

0.87

10.8

1.5

8.5

0.50

0.03

0.13

B-222
1062.3'

69.1

11.6

2.7

0.48

6.2

0.57

8.7

0.46

0.04

0.10

B-22 3
1076.5'

71.2

12.0

2.9

0.29

4.0

0.0

8.9

0.50

0.05

0.09

B-224
1091.5'

66.4

11.7

3.9

1.1

7.8

0.11

8.4

0.51

0.05

0.13

B-2 2 5
1104.5'

67.2

11.5

2.4

0.31

3.4

5. 6

8.9

0.48

0.06

0.09

AVERAGE

67.2

11.9

2.7

0.56

7.0

1.2

8.8

0.49

0.05

0.11

2.3

0.34

0.47

0.27

2.5

1.8

0.29

0.04

0.03

0.02

STANDARD DEV.
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most abundant chemical constituents averaging 67.2% + 0.81%
and 11.9% + 0.12%, respectively.

A high variability is

exhibited by Na20, CaO, MgO and Si02, whereas continuity is
shown by K 20, Ti02 , A1203 , and Fe203 concentrations.

The

elements of high variability are those expected to be
subject to alteration effects.

The stable elements

remained essentially unaffected and are indicators of the
original rock.

Again, the stability of the Ti02 values,

provides an excellent guide to classifying the chemistry of
a rock.
The normative feldspar proportions of the tuff breccia
were obtained from the chemical analysis and plotted on the
chart shown in Figure 18.

Using this chart, coupled with

Ti02 values for known rocks, the tuff breccia is found to
be slightly altered quartz latite.
This unit may possibly be the Ox Valley Tuff Member of
the Kane Wash Formation described by Blank (1959) and Cook
(1965).

It is described as a vitric-lithic tuff, 6 - 18%

crystals, aburdant sanidine, little quartz , and 0 -1% mafic
content.

This matches the values of this study.

The

source caldera for the Ox Valley Member is just south of
Enterprise, Utah.
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Figure 18.

Normative feldspar proportions related to rock
type after O'Connor (1965) for the tuff breccia
core samples.
The dots represent TiO~ values
suggesting that the unit is a quartz fatite.
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VI. STRUCTURE

A.

LARGE SCALE STRUCTURAL FEATURES
The benefit of observing structural patterns on a

large scale, covering many square miles, is to get a better
understanding of the structural control on a depositional
model.

This is especially important in the Escalante

District since considerable debate exists as to whether or
not a collapse caldera system is present.

To observe the

regional patterns in the district, computer enhanced
LANDSAT digital data was analyzed.

In an investigation by

Biehl, Brandom, and Moylett (unpublished, 1983), certain
lineament patterns were recognized.
1.

LANDSAT Digital Data Processing/Interpretation.

Using digital filtering and contrast stretching of the
LANDSAT data, numerous lineaments are observable.

Figure

19 shows the image after an algebraic linear stretch to
fill the 0-255 dynamic range of the black and white display
device was completed.

Numerous lineament or similar

features were sketched using computer graphics as shown in
red on Figure 20.

The lineaments, drafted using the

computer in Figure 20, are not entirely geologically
related.

According to the field checking the lineaments

may represent a railroad (central left edge), highways
(center), drainage, or agricultural boundries.

However,

man-made features may tend to follow features of geologic
significance.

Geologically speaking, the circuluar feature
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Figure 19.

LANDSAT imagery showing algebraic stretched
data.
This image revealed a maximum number of
lineaments highlighted by graphics in Figure
20, as seen by the author.

Figure 20.

Lineaments mapped using computer graphics.
Compare the lineaments mapped with the location
photograph in Figure 19.
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in the left center of Figure 20 may be due to erosion of
horizontal beds.
extrusive vent.

Field work shows this as a possible
However, three major geologic lineament

trends are seen both in the field and on LANDSAT data: 1) a
north-south trend (northwest corner), 2) westnorth-west east-southeast trend (southeast quarter), and 3) northeast
trend (east half).

Figure 21 shows the data after a 3X3

pixel high pass directional filter was used to depict
further lineament patterns in the three directions
described above.

Following patterns suggest by Moore and

Waltz (1983), a directionally enhanced image was produced.
These patterns are shown in yellow (Figure 20).

As noted

by Collins (1977), together with this author*s findings,
the lineament patterns follow a north-south trend then
swing southeasterly and finally trend northeasterly along
the eastern edge of the Escalante Valley.

These

arcuate-shaped features may be associated with tension
fractures along a basin edge flexure or fracture zone or
a collapse caldera rim fracture zone.
A series of circular and radiating lineament features
are another set of patterns shown in Figure 20.
may be used to explain the radial patterns.

Two models

The first is

tectonic doming and the second is volcanic doming.
Tectonic doming, as used here, is a deformation
process that results from subsurface action, such as
emplacement of a forceful intrusion (Collins, 1977).

It is

characterized by radial and/or concentric fractures and
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radial dips.

Graben structures are usually exposed upon

the dome.
A volcanic dome is an extrusive feature that appears
bulbous to mushroom-shaped in cross-section.

Radial

lineament patterns exist, suggesting the radial flow of the
lava from the conduit.
commonly vertical.

Attitudes in the center are

Surrounding the central area, flowage

features dip steeply inward.

Distal portions of the

volcanic dome dip away from the vent area.
The Flow Dome Sequence is mapped as a volcanic dome.
Evidence of this is a follows:
1) bulbous, half mushroom nature of the extrusive as
it displaces the A, B, and D flows in an overturned
manner;
2) observable primary fracture dips are near vertical;
3) fracture orientations tend to parallel an
underlying conduit.
Recognizing the presence of volcanic domes in the area
along with the lineaments that represent the arcuate rim
fractures, evidence for a collapse caldera is observed on
LANDSAT data.
Figure 22.

This is summarized in the illustration of

Many of the circular, NE, and NW trending

patterns have field support from various studies and should
therefore be considered as significant evidence of caldera
rim boundaries.
2.

Possible Structural Variations With The Flow Dome

The flow dome mapped in the study area exhibits a fracture
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Figure 21.

Directional filtered image highlighting various
lineaments, as defined by a LANDSAT analysis.
They may or may not b e geologically related.

Figure 22.

Photograph showing possible caldera structures
exhibited by LANDSAT imagery.
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pattern that is suggestive of a tabular-shaped conduit or
dike from whence the dome erupted.

This pattern trends

roughly N 25 W from the dome itself outward toward the
breccias to the north which is folded along this trend.
The attitude of this trend also may represent basin-range
fault zones, however the purpose here is to examine the
possibility of fault controlled eruptions whereby the magma
travels in dike-like conduits before approaching the
surface.

The trend in the study area runs from the SE 1/4

section 22, T 35 N, R 17 W, Utah, south-southeast through
section 27 into section 34.

Here, fracture patterns

associated with the foliation dip westernly, west of the
trend and easterly, east of the trend.
As the magma emerges to form a lava flow, its surface
is fractured by thermal contraction and lateral expansion
of the flow, with the fracture orientations tending to
parallel the underlying conduit (Fink and Pollard, 1983) .
Therefore, the northwest fractures in this region of the
dome could be associated with the alignment of the conduit
pattern.

Likewise, the folding exhibited in the breccias

in sections 21 and 22, T 35 N, R 17 W, Utah of the study
area are a result of the conduit or dike nearing the
surface but not creating an extrusion.
3.

Trends of Faults and Folds.

There are three

major trends of faults in the Escalante District; and
east-west set, a northwest-southeast set, and a northeastsouthwest set.

One major fold was recognized in field
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mapping; a northwest-southwest trending anticline
associated with the domal uplift.
The east-west sets with a few exceptions, are
dominantly dip slip or strike-slip movement faults.

Both

types of faults have steep dips and some of the dip slip
faults may be high angle reverse faults.

The dip

directions, where they can be determined, are to the north.
This is shown on the map generated from field mapping
(Plate I).
The major east-west strike slip fault does not occur
in the mapping area, but lies to the north in the broad
Escalante Valley.

It seems to be part of the Timpahute

Lineament that cross-cuts north trending mountains and
valleys.

The movement of the fault is left lateral,

characteristic of Great Basin movement.
uncertain on this fault.

Displacement is

These faults are major structural

factors since it is believed that the bulk of the volcanic
eruptions and collapse is tangential to these zones of
weakness.

These zones are probably older, weak zones,

revitalized during Tertiary time and may signify the
beginning of Basin and Range-Colorado Plateau
differentiation (Rowley, 1979) .
East-trending dip slip normal faults were identified
in the study area.

These are dominant features in the

mapping area because the flow dome, elongated east-west,
parallels these faults suggesting that this set may have
provided the weak channel for magmatic extrusion.

The
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east-west fault that extends from the eastern edge of
section 4 through section 1 (T 36 N, P 17 W) has about 200
feet (61 m) of throw.

In the northwest 1/4 of section 2,

T 36 N, R 17 W, Utah, the top of the A flow is in contact
with, in this instance alluvium, but further east it is in
contact with the upper trichite flow.

The minimum throw is

the thickness of the B flow and D flow, or approximately
200 feet (65 m).

The dip of the fault, in this instance,

is to the south.

Offset to the south from this fault, in

section 3, is a series of at least four dip slip faults
that have a steep northerly dip.

These faults exist within

the best exposures of the Quartz Peak Sequence.
maximum throw on these faults is 68 feet (21 m).

The
At the

top of Quartz Peak (sec. 3, T 36 N, R 17 W ) , a repeated
sequence of the silicified sandy unit was mapped.
Projecting the fault trace to the bedding plane of the
sandy unit that crops out at the foot of the hill, the
approximate throw was calculated at 68 feet.
are mapped as antithetic faults.

These faults

They dip towards the

master fault, but the displacement of the hanging wall is
down dip - that is, they are normal faults.
The northwest trending faults are dominantly normal
faults, downthrown to the northeast.

The fault that

extends from the NW 1/4 of section 2 (T 36 N, R 17 W)
trending northwest through the NW 1/4 of section 33 (T 35
N, R 17 W) has about 50-80 feet (15-24 m) of throw.

In the

SW 1/4 of section 34, T 35 N, R 17 W, Utah, the top of the
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B flow is in contact with the uplifted C flow.

Since the C

flow is the dome, its total thickness is unknown.
Therefore, displacement must have been the thickness of the
B flow plus a portion of the C flow or approximately 50-80
feet (15-24 m ) .

However, some of these faults are on a

magnitude of just a few feet (3-6 feet, 12 m ) , probably due
to thermal contraction of the flow extrusion.
Dominantly, these northwest trending fractures are
Basin-Range type block faults.

However, since the faults

are grouped together over a small area, the cause of these
faults is most likely due to the extrusion and doming of
volcanic material which would be accompanied by extensive
subsidence on individual blocks along the faults (Nolan,
1943) .

Simple cooling could also account for the normal

faulting.
cool.

As the rhyolite is forced out, the magma will

With continuing extrusion from the same vent the

cooled portion is broken due to resurgence.

The fractures

produced are normal.
A similar set of northeast-southwest trending
fractures exist in the study area.

These, too, are normal

block faults with some downthrown to the northwest and
others downthrown to the southeast.

The Escalante Vein,

located in the SE 1/4 of section 2, T 36 N, R 17 W, Utah,
is associated with a fracture zone that dips steeply to the
northwest at about 70 degrees (Plate I).

The approximate

separation from footwall to hanging wall is 30 - 50 feet
(9 - 15 m ) .

The relative length of the faults is smaller
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compared to the northwest trending northwest.

The

southeast dipping faults, however, are much larger and
typify a Basin-Range block fault.

One such fault extends

from the SW 1/4 of section 15, northeast through the NW 1/4
of section 12, T 36 N, R 17 W, Utah.

The throw on this

fault is approximately 300 feet (91 m ) .

Here, the base of

the upper Mine Series Sequence is in fault contact with
alluvium and possibly may be in contact with an andesite
flow which crops along the valley wall in section 14, T 36
N, R 17 W, Utah.

The andesite exists only along the valley

edge suggesting that the fault may have provided an avenue
to reach the surface, thus postdating the fault.
The northeast trending fractures that dip to the
southeast are most likely associated with the northwest
trending set in a pattern similar to parallel sets or
rhombic sets.
region.

Parallel faults characterize the flow dome

The northwest trending fractures in this area all

have the same direction of displacement, producing a step
pattern of offset.

The blocks between the faults seem to

be tilted in the direction opposite that of the fault,
forming antithetic tilt blocks that reduce the apparent
overall displacement on the faults (Rowley, 1979).
Small rhombic-shaped fault patterns are located
between the northwest and northeast trending sets,
intersecting at angles of about 60 degrees and 120 degrees.
According to Rowley, such patterns that are larger are
common in southwestern Utah.

They indicate the area that
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has been subject to greater tectonic stress resulting from
torsional deformation between major fault blocks or in
zones where the block is twisted in different directions.
This is possible in the study area since the east trending
lineament is tangential to a possible shear zone related to
the twisting of the dominant basin-range trends from
north-south to northwest-southeast.

Thus, these rhombic

sets are localized along these lineaments that eventually
are associated with igneous activity and mineralization.
The northeast trending fractures that dip to the
southeast may have a different cause.

This type of fault

is concentrated only in the Mine Series Sequence in the
southern portion of the study area.

They tend to take on

an arcuate-like shape characteristic of fractures present
in collapse caldera system.

However, these sediments would

be "post-caldera" and not necessarily be affected by rim
fracturing.

A possible explanation involves the

emplacement of the flow dome.

As it was emplaced, the

overall upwelling of the surrounding sediments would cause
arcuate-like tensional fractures away from the dome in the
surrounding rocks.

The northwest dipping fractures, on the

other hand, many be related to a primary rim fracture
associated with a previous collapse stage.
Two anticlinal folds with associative syncline were
mapped in the study area.

The first trends from the NW 1/4

of section 27 northwest through the SE 1/4 of section 21, T
35 N, R 17 W, Utah.

The second trends northwesterly
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through the east half of section 27, T 35 N, R 17 W, Utah.
They are highly distorted due to faulting in the area.
Involving the breccias, lava, and sillar-like flows, these
folds are related to the presence of northwest trending
dikes that crop out periodically as a small ridge in the
center of section 27, T 35 N, R 17 W, Utah.

These dikes

are rhyolitic in composition and may be an extension of the
fissure that controlled the flow dome eruption.

The age of

the dikes is probably mid to late Tertiary.
It should be noted that these folds are not related to
the intense folding that occurred earlier as part of the
Sevier Orogeny.

During Late Jurassic to Early Cretaceous

the region underwent considerable folding which did produce
zones of weakness whereby many laccolithic plutons, such as
those at Iron Springs, were intruded.

Similarily, the

early folding may play an important role as to the zones of
weakness in which the volcanic activity was produced.
B.

ATTITUDE VARIATIONS
The rocks that cap the possible underlying caldera

structure of the Escalante District trend approximately
east-northeast with a dip of 10-15 degrees to the south or
north, depending on the proximity to the flow dome.

This

figure is obtained by using the median of all attitudes
taken in the mapped area that were extensive enough
laterally to cancel out effects of local structures.
Smaller, local outcrops, may differ radically from this
figure.
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Attitudes vary somewhat systematically within the
mapped area of Plate I.
represented in Plate II.

These are diagrammatically
The mapped area is divided into

four regions, within which, the attitudes are structurally
related, but different from the other regions.

The

regions, like those used in the stratigraphic analysis,
are: 1) the northern breccia and lava flow area, 2) the
flow dome area, 3) the Mine Series area, and 4) the western
Quartz Peak area.
The northern breccia and lava flow area have
variations in dip ranging from near vertical to 45 degrees.
The dip directions are either to the west-southwest or
east-northeast.

These dips are structurally related to the

intense and minor faulting caused by the dikes that extend
from the flow dome.

These dikes trend northwesterly.

The

strike of the sequence is north-northwest to northeast.
The flow dome region exhibits radial dip directions,
either inward toward the dome or outward away from the
dome, within the older A, B, and D flows.

Rocks northeast

of the dome dip to the southwest at 35-40 degrees whereas
rocks along the south edge dip northeast at 40-46 degrees.
This is a characteristic feature of the bulbous, mushroom
nature of the flow dome.

The dome, not only uplifts the

overlying sequence, but may cause them to simply sag away
from the central upward force.

Due to the flaggy nature of

the dome, attitudes are difficult to obtain, except near
the central portion of the dome.

Here, the dips are near
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vertical, also characteristic of a flow dome.
The Mine Series region exhibits an east-west strike
with a dip of 9-14 degrees to the south.

An exception to

this is a band of Mine Series conglomerates in sections 11
and 15, T 36 N, R 17 W, Utah, which dip slightly to the
northeast at 9-13 degrees.

This could possibly be

explained by the incompetency of the units as they react to
the torsional stress of the regional faulting.
tend to twist blocks in different directions.

This would
The strike

of the units tend to agree with a caldera moat fill area
with the rim trending east-west to slightly northeast.
The rocks in the region of Quartz Peak in sections 3
and 4, T 36 N, T 17 W, Utah, are the youngest sequence
present in the study area.

They strike N 86 W with a dip

of 20-30 degrees to the south.

The majority of the

sequence lies along the east-west fissure that was probably
responsible, not only for the flow dome, but the hot spring
deposits as well.

The dip direction of the sequence is

primarily due to antithetic faulting of the east-west fissure.
C.

VEIN DISTRIBUTION
Figure 23 is a map showing the distribution of veins

in the Escalante District.

The locations of the veins were

mapped in the field and checked with available data
supplied by Ranchers Exploration.

The distribution follows

an easterly to northeasterly trend across the mapped area
in the vicinity of the Escalante Mine.

These veins occur

in the moat fill deposit of the Mine Series Sequence.
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Figure 23.

Generalized m a p showing the vein distribution
with the types of alteration present.
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R 17 W

T 35 N

T 36 N
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C / A - calcic/arglllic alteration

A - argillic

C / S - calcic/silicic alteration

N S - no significant alteration

iS - silicification (intense)

X -

prospect

m S - silicification (moderate)

3 “ shaft

WS -

/

silicification (w eak)

known veins
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Other veins are located in the sillar-like flow units and
younger flows.
north-south.

These veins trend east-west and
The Escalante basin margin in this area

coincides roughly with the vein distribution around the
mine.
Similar distributions are noticed in the Stateline and
Gold Springs districts to the northwest (Collins, 1978).
Combining the three areas, the veins trend southwest in the
Stateline area, swinging southeast through the Gold Spring
townsite, and finally trending east to northeast in the
Escalante District.

This arcuate distribution could be

associated with a collapse caldera.

Many mining districts

associated with calderas are in veins associated with the
rim fracture system.

Some 35 of these are in Nevada alone

such as the Opalite and Beatty districts (Albers, 1979) .
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VII.

A.

ROCK ALTERATION AND MINERALIZATION

ROCK ALTERATION
Rock alteration is a major characteristic feature of

the units in the Escalante District.

Discussion of this is

based on mapped locations of intensely altered areas,
chemical responses of selected stratigraphic units to
alteration, and wall rock alteration adjacent to the veins.
Titanium oxide (TiC^) values are essentially stable in
alteration processes and therefore are used to determine
the original rock type.

In altered samples, the particular

rock type is identified using the average chemistry with
those noted by Nockold (1954).

Representatives from,the

breccias, Mine Series Sequence and Flow Dome Sequence will
be analyzed.
1.

Types of Alteration Present.

Three major types

of alteration are recognized in the Escalante District.
These are: 1) silicification, 2) propylitization, and 3)
argillization.

Silicification involves the addition of

silica to the whole rock resulting in the excessive
hardness and resistant outcrop ledges.

Propylitization

involves the formation of the minerals epidote, albite,
chlorite, and carbonate, commonly with sericite (Peters,
1978).

There are several subtypes in this complex process:

chloritization, albitization, carbonatization, and
zeolitization.

Carbonatization, or replacement by calcite

and chloritization are the types recognized in the study
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area.

Argillization is the formation of kaolinite and

montmorillonite.

These two clay minerals may also be

divided into zones with an inner zone of kaolinite.
There are, however, geologic processes within the
Escalante District that mimic wall rock alteration.
Supergene alteration and weathering processes are the two
most common.

They tend to bleach the biotite to sericite,

make montmorillonite or kaolinite from feldspar, carry
hematite and silica into new sites, and generally cause
havoc on patterns that were present in the subsurface
environment (Peters, 1978).

This is particularly evident

in the analysis of the many breccia units present.
Thin sections from each of the map units were assigned
a degree of alteration noted in the field.

This reflects

the intensity of alteration, whether it is weak or intense.
A specific legend was selected for each type of alteration
(silicic, argillic, etc.) present in the study area and is
shown in Figure 23.
An important feature is the relation of veins to the
alteration patterns and the relation of both to the units
exhibiting the highest porosity - the breccias and the Mine
Series Sequence.

Alteration by calcite is restricted to

zones bordering the veins, whereas alteration by silica is
also present around the veins extending further into the
country rock.

Argillic alteration is primarily restricted

to the breccia units and is believed to be of supergene
origin.

Weak zonation is present in the breccias with the
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clays occupying the outer regions.

Those rocks affected

are completely destroyed, petrographically, by the clays.
2.

Degree of Alteration of the Stratigraphic Units.

The intensity of general alteration within the
stratigraphic units was determined using a chemical
response based on excessive normative corundum values.
These values were obtained from the XRF analysis, plotted,
and contoured as shown in Figure 24.

The excess amounts of

aluminum are representative of a degree of alteration - the
greater the corundum value, the greater the alteration
present in the stratigraphic unit.
The figure shows that the breccia unit exhibits the
highest degree of alteration with the Mine Series Sequence
showing a minor degree of alteration.

The Flow Dome

Sequence, on the other hand, exhibits virtually no effect
to alteration.
The presence of alteration within the breccia unit can
be described by various theories.

First, the breccia unit,

during the time of the altering fluids, was very porous and
unlithified, becoming indurated by the cementation of the
altering fluids themselves.

Secondly, the breccia unit was

formed around the margins of the flow dome causing it to be
susceptible to water coming off of the dome or water
percolating upward from a nearby central vent, allowing the
unit to be altered.

Lastly, the presence of dikes in the

vicinity of the breccia sequence as a possible hydrothermal
conduit, provided fluids and temperatures conducive to
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Figure 24.

Map showing the degree of alteration present in
the study area, based on excessive corundum
values determined by x-ray fluorescence.
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altering the breccias.
A question arises as to specifically what sub-units
within the mapped units were most affected by alteration.
Figures 25, 2 6 , 2 1 , 28 and 29, provide valuable information
about this question.

Here, a plot is made of the

calc-alkalic series and the alkaline series, based on
normative feldspars, with average TiC^ values for each
member in the series used to label the series scales.
Since TiC> 2 remains essentially stable during alteration
processes, the original chemistries, based on normative
feldspars, can be located for each altered specimen by
matching to the scale values.
In the case of the interbedded flows and breccias, the
flows are essentially unaltered, plotting well within an
acceptable distance from the average plots.

The breccias,

however, exhibit extreme alteration, becoming enriched in
potassium and calcium and depleted in sodium.

This plot,

then, shows the breccias as the altered rock type as
opposed to the flows.
The Mine Series Sequence, exhibiting alteration based
on the excess aluminum contours, shows essentially an
identical situation.

These rock are dominantly rhyolites

to quartz latites and are enriched in potassium and
depleted of sodium with only a minor calcium addition.
Other stratigraphic sequences, such as the Flow Dome
Sequence and the younger banded flows sequence, are
relatively unaltered, plotting near the average series
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Figure 25.

Normative feldspar proportions related to rock
type after O'Connor (1965) for the Flow Dome
Sequence.
A plot of average chemistries with
their T i 0 2 range exhibits the distance from the
line as a^degree of alteration.
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Figure 26.

Normative feldspar proportions related to rock
type after O'Connor (1965) for the Interbedded
Breccia and Flow Sequence.
A plot of average
chemistries with their Ti02 range exhibits the
distance from the line as a degree of
alteration.
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Figure 27.

Normative feldspar proportions related to rock
type after O'Connor (1965) for the Mine Series
Sequence. A plot of average chemistries with
their TiC^ range exhibits the distance from the
line as a aegree of alteration.
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Figure 28.

Normative feldspar proportions related to rock
type after O'Connor (1965) for the Late Stage
Volcanic Sequence.
A plot of average
chemistries with their TiO^ range exhibits the
distance from the line as a degree of
alteration.
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Figure 29.

Normative feldspar proportions related to rock
type after O'Connor (1965) for the Tuff-breccia
core samplesj
A plot of average chemistries
with their Ti02 range exhibits the distance
from the line as a degree of alteration.
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lin e s .

T he c o r e s a m p le s e x h i b i t a l t e r a t i o n

m in e s e r i e s o r i g i n a t i n g

as q u a rtz

la t it e s

s im ila r to th e

or r h y o d a c ite s ,

b a s e d on th e T iC ^ v a l u e s .
B.

V E IN MINERALOGY

Allen (1979) did a detailed study on the geochemistry
of the Escalante Vein, in which he cited that
crustification banding is the most prominent type of vein
deposition.

The banding is not a simple, symmetrical

crustification process, but one that was disrupted and
occurred at various episodes of fracturing.

Each episode

resulted in deposition of vein material in a banding
manner, but frequently left many vugs.

Later fractures

would cross-cut existing bands and allow for later
deposition.

A general paragenesis for the Escalante veins

is shown in Figure 30.
The vein system is essentially made up of quartz with
associative amounts of barite, calcite, fluorite, hematite,
and limonite.

Cerrusite, galena, hemimorphite, malachite,

mimetite, pyrolusite, willemite, and various clays occur in
minor amounts (Allen, 1979).

Silver is present as

argentite, acanthite-jalpaite, and rare native silver
(Hogan, 1982).
Barite occurs in two generations, isolated blades of
the early stage and interlocking clusters of the later
stage.

Calcite is associated with all stages of

mineralization and is the major vein mineral.

Fluorite

occurs as anhedral bands interlayered with quartz bands in
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HYPOGENE ORIGIN

Early

SUPERGENE ORIGIN

Late

Quartz

_______________________

Calcite

______________________

______________

Barite

_____________ _________

?_____________?

Fluorite
Sulfides and
Sulfosalts
Hematite

______________
?______ ?
_______________________

_______________

Willemite

_______________

Cerrusite

_______________

Mimetite

_______________

Pyrolusite

_______________

Figure 30.

General paragenesis of the Escalante silver
veins (Allen, 1979).
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the crustification process.

Galena is common in the deeper

portions of the vein system and constitutes the major
hypogene silver-bearing mineral.

Allen (1979) assayed a

two inch band of galena from one of the core samples and
the assay showed 110.10 ounces of silver per ton, occurring
mainly as inclusions rather than solid solution.
The silver minerals are mostly concentrated in quartzrich portions of the vein in association with finely
disseminated hematite that darkens the quartz to dark gray.
There appears to be a correlation between hematite
abundance (Fe up to 3%) and silver mineralization (Fitch
and Brady, 1982).

Mineralization is also present in the

wall rock but is discontinuous and is of low-grade value.
C.

WALL ROCK ALTERATION
Based on the studies by Allen (1979), there appear to

be three zones of alteration within the wall rock near the
vein.

Extending outward from the vein, they are: 1)

silicification, 2) replacement by calcite, and 3) various
clay alterations that persist throughout the district.
Judging by the lack of 1^0 depletion, argillic alteration
is not significant.
The silicification zones is narrow, less than three
feet near the vein, but field studies shows a broader zone
of silicification suggesting some vertical zonation.
Replacement by calcite, in field studies, is restricted to
mineralized fractures extending approximately 15 feet into
the wall rock.

Field photographs exhibit the dark calcite

veins associated with these fractures (Figure 31).

A

pervasive weak alteration is primarily sericite, clay
chlorite, nontronite, and calcite.
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Figure 31.

Wildcat Vein.

Upper photograph: Wildcat vein exposed on surface trending
from observer toward claim marker near truck.
Banded
calcite veins are well exposed extending into the wall rock
approximately 15 feet (4.5 m ) .

Lower photograph shows closer view of the banded calcite.
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VIII.

A.

CONCLUSIONS/EXPLORATION MODEL

RELATIONS OF VEINS TO REGIONAL STRUCTURE
The veins present in the Escalante District are

representative of two major fracture or fissure patterns
compatible with the tectonic-volcanic framework of the
Great Basin.

The first is that set of fissures brought on

by a possible caldera resulting in an arcuate shaped vein
distribution suggesting relation to marginal faults of the
caldera or near related subsidence structure.

This set

includes the Escalante Vein system.
Smaller veins identified within the Flow Dome Sequence
are suggestive of tensional stress fractures resulting from
the doming event of the C-flow.

This is also noted in the

units surrounding the flow dome such as the breccia units
and the Mine Series Sequence.

These veins are much smaller

and usually of lower grade than the Escalante Vein.

This

doming event may account for the vein splits detected
throughout the mine area.

The dikes identified in the

northern portion of the study area are also related to the
doming episode and are responsible for at least one
mineralized area in the breccia sequence.
The proposed caldera system is part of the broad line
of activity extending from east-central Nevada to
southwestern Utah.

Contained within this line are numerous

deep-seated quartz-monzonite to dacite plutons, extensive
caldera systems, and many scattered hot spring deposits.
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All of these systems are present in or near the study area
and are primarily responsible for the large mineralized
fracture patterns contained within the study area.
Basin and range faulting also had a distinct effect on
the vein patterns within the Escalante District.

These

fractures have essentially dissected the study area into
numerous northwest and northeast trending blocks.

An

effect upon the veins themselves, by the faulting, is the
truncation of a number of veins that were mapped on the
surface.

Further study is suggested on the displacement of

such faults to calculate the offset veins on the displaced
block.
B.

RELATION OF MINERALIZATION TO STRATIGRAPHY
The mineralization of the Escalante District is

restricted to two major rock types: 1) a sequence of
crudely interbedded waterlain pyroclastic and tuffaceous
sediment comprising the Mine Series Sequence, and 2) an
interbedded sequence of tectonic breccias and sillar-like
flows.
The major economic mineralization is restricted to the
Mine Series Sequence which is interpreted as a moat-fill
deposit filling a depression that trends east-west
terminated in the study area by a north-south basin-range
fault.

These units, when unaltered, are poorly

consolidated and thus are highly permeable to hydrothermal
fluids in contrast to the densely-welded flows of the
banded dellenites or quartz latites.

The sillar-like flows
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and breccias behave in much the same manner.

Both are

quite susceptible to major hydrothermal alteration due to
their high porosity and permeability.

The accumulation of

the tectonic breccia fragments off of the flow dome could
have been cemented by the altering fluids as it passed
through the breccia mass.

These fluids may have originated

from the dike intrusion where mineralization is restricted
to the flow-breccia interface.

The breccias exhibit

pervasive alteration comprised of clays, calcite, and
chlorite.

Both units are extensively silicified.

The mineralization is largely confined to a specific
rock texture, even though other units of similar chemical
compositions are present.

This suggests that differences

in permeability, the time period of deposition, and
location of deposition to a hydrothermal source, exert a
strong influence on the presence of the mineralized areas.
The occurrence of pervasive alteration and mineralization
is suggestive of an epigenetic origin (Graybeal, 1981).
C.

RELATION OF MINERALIZATION TO VOLCANISM
Based on the results of this study, it is postulated

that the hydrothermal system responsible for the
mineralized veins in the area is related to a caldera.
Evidence is present for a caldera within the mapped area.
Important criteria are reviewed here.
Examination using LANDSAT data reveals lineament
patterns characteristic of an elliptical caldera or nest of
calderas with associative extrusive dome fracture patterns.
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This analysis reveals regional lineament patterns similar
to calderas of the San Juan Mountains seen in other LANDSAT
studies done in conjunction with this study.
The Mine Series Sequence fills a linear, semi-arcuate
depression between an extrusive flow and a graben-like
structure to the south.

The presence of partially

devitrified glass shards suggests a nearby volcanic source
with little, if any, transport by water.

The degree of

sorting, rough cross beds (Arentz, 1979), and fining
sequences is conducive to a moat fill area.
The Flow Dome Sequence is quite similar to rhyolite
domes with associated flows and breccias found along the
margins of calderas.

It is doubtful that this is a

resurgent dome, but more likely a later volcanic event
associated with the reopening of ring fractures and milder
eruptions that occur after resurgence.

The dome described

in the study area is part of a band of domes that occur
along an arcuate east-west line form the Gold Springs area
to the Escalante district.
The p r e s e n c e o f h o t s p r i n g a c t i v i t y
o f t h e domes and w i t h i n t h e c a l d e r a i s

a lo n g t h e m a rg in s

common t o a c a l d e r a

s e ttin g .

Although a locally derived ash flow tuff unit has not
been positively identified with this caldera, it is
suggested here that younger tuffs of the Bull Valley
Mountains (Blank, 1959) may be candidates.

These tuff

breccia may have been identified in the core samples with
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no limits placed upon the thickness of the unit.

Further

correlative work with this core and samples from the type
locality is necessary before such judgement can be passed.
The presence of a caldera in the Escalante district is
suggested by the depositional environment, but its primary
function in the silver mineralization process seems to be
the preparation of zones of weakness in the roofs of the
magma chamber.

On the other hand, if certain conditions

exist, a deep seated intrusion of later age, with
accompanying hydrothermal fluids and mineralization, may
exist (Lipman, 1976).

This stage is independent of the

caldera cycle.
The Timpahute Lineament and the Delamar-Iron Springs
igneous belt are comprised of numerous plutons occurring
along an east-west line and passing directly through the
Escalante district.

It is probable that a grandiorite-

quartz monzonite intrusive, similar to those located at
Iron Springs, Pine Valley, and a number found in the
valley, is responsible for the metal content and the source
of the thermal energy which drove the hydrothermal fluids.
It is also possible that the rhyolites present within the
Escalante Valley may have been the heat source.

The fluids

then followed the "plumbing system" generated by the
Escalante caldera.

Supergene enrichment then increased the

grade of the ore, making it economical.
D.

GEOLOGIC MODEL/EXPLORATION MODEL
A model for the Escalante district and other vein
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silver and disseminated silver deposits, is difficult to
formulate due to variable characteristics among individual
districts.

The typical deposit occurs in permeable

volcanics or interbedded volcaniclastic sequences which
have strong controls on the distribution of mineralization
(Graybeal, 1981).

Most of the mineralization is largely

oxidized and enriched by supergene processes.

Alteration

is dominated by silica with minor amounts of clay,
chlorite, and calcite and is not clearly zoned.
present, the zoning is subtle.

When

Gold may accompany such

deposits along with lead, but is not usually economical.
Gold is present in the area as part of the Stateline
District.

The silver mineralization is introduced by major

structures and commonly associated with calderas, fissure
zones, dikes, and plutons.
The origin of the metals is uncertain, but according
to Graybeal (1981) the hydrothermal fluids are often set in
motion by nearby intrusive plutons. A possible example may
be in the intrusions related to the Iron Springs plutonic
activity.

The rise of the pluton resulted in magmatic

.doming similar to that described by Smith and Bailey
(1968).

The mineralization is primarily related with other

chalcophile elements associated with calc-alkaline
magmatism and not with silicic magmatism.

Therefore, a

deeper magmatic intrusion of calc-alkaline chemistry
provided the metals to a structurally ideal host sequence
caused by silicic caldera volcanism.
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In brief summary this study suggests to the
explorationist of volcanic environments that certain
geologic criteria need to be identified through exploration
techniques such as mapping, drilling, and sampling.

The

first of these is to locate a permeable host rock that
might be condusive to metal mineralization.

Volcaniclastic

sediments and poorly welded tuffs are excellent examples.
Secondly, a fracturing framework is needed to allow the
metal-bearing fluids access to the host rock.

In this

study, the proposed Escalante Valley caldera provided the
rim fracture system conducive to mineralization around the
Escalante Valley in a moat filled volcaniclastic sediments.
Over 35 known calderas are host environments to metal
mineralization in Nevada and southwestern Utah.

Lastly,

the hydrothermal circulation needs to be set in motion by
later, nearby intrusions or rhyolite domes.

In the

Escalante district late stage plutonic activity or the belt
of rhyolite domes in the region may have provided the
energy needed to generate hydrothermal activity.
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